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CONTROL    TESTS    OF    A    RESPIRATION    CALORIMETER. 

By  FRANCIS  G.  BENEDICT,  J.  A.   RICHE,  and  L.   E.  EMMES. 
[Nulriiiott  Laboratory  aj  the  CainegU  Itutilulion  of  Washington,  Boston,  Mass.] 

'  I  ""HE  two  respiration  calorimeters  described  by  Benedict  and  Car- 
■*■  penter '  have  been  subjected  to  numerous  tests  as  to  the  capabil- 
ity of  the  apparatus  for  measuring  accurately  heat,  water  vapor,  carbon 
dioxide,  and  oxygen,  by  developing  measured  amounts  of  heat  elec- 
trically, or  burning  known  amounts  of  alcohol  inside  the  chamber. 
The  results  obtained  in  control  experiments  of  six  or  eight  hours  have 
been  very  satisfactory,  but  in  experiments  with  man  the  measurements 
are  often  made  in  periods  as  short  as  one  hour.  Since  any  irregulari- 
ties in  measurement,  either  of  the  heat  developed  inside  the  chamber 
or  of  the  heat  measured  by  the  chamber,  may  easily  be  averaged  through- 
out a  period  of  six  or  eight  hours  and  still  not  affect  materially  the  re- 
sult for  the  whole  period,  it  is  necessary  to  prove  that  the  apparatus 
measures  accurately  all  four  factors  during  a  period  as  short  as  one 
hour  before  the  results  of  one-hour  experiments  with  man  can  be  con- 
sidered as  reliable  and  accurate.  Two  kinds  of  tests  have  therefore 
been  made,  —  the  first  in  order  to  determine  the  accuracy  of  the  ap- 
paratus as  a  calorimeter,  and  the  second  to  test  its  efficiency  both  as  a 
respiration  apparatus  and  as  a  calorimeter. 

*  Benedict  and  Carpenter:  RespimtioD  calorimetera  for  studying  the  respira- 
tory exchange  and  energy  transfonnations  of  man.  Camegic  Institution  of  Wash- 
ington Publication  No.  123,  1910. 
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..'.,*fo.ecteical  conxaol  tests  of  the  measurement  op 
,  .;■  •  Heat  Elimination. 

..  'in  order  to  test  the  apparatus  as  a  calorimeter,  a  constant  current 
from  the  adjacent  power  house  of  the  Harvard  Medical  School  was  used 
/'to  develop  heat  inside  the  chamber.  This  current  was  first  passed 
through  a  carefully  calibrated  mil-ammeter,  then  through  an  81.3  ohm 
resistance  coil  of  manganin  wire,  which  was  wound  on  a  wooden  frame 
and  suspended  in  the  calorimeter  chamber  in  such  a  way  as  not  to  come 
in  contact  with  the  metal  wall.  A  voltmeter  outside  of  the  chamber, 
also  carefully  calibrated,  was  connected  with  the  terminals  of  the  re- 
sistance coil,  and  the  drop  in  potential  could  thus  be  accurately  meas- 
ured. The  voltmeter  was  ordinarily  not  connected  except  at  the  time 
of  reading,  when  the  switch  was  closed  for  an  instant;  the  mil-ammeter 
was  shunted  so  that,  unless  desired,  very  little  of  the  current  need  pass 
through  the  instrument  itself,  except  when  the  switch  was  open. 

The  current  from  the  power  house  is  remarkably  steady,  the  fluctua- 
tions not  exceeding  i  or  2  volts  in  the  iio-volt  circuit  during  the  course 
of  twenty-four  hours.  The  current  was,  however,  passed  through  a 
small  variable  resistance  in  the  main  circuit  before  entering  the  chamber, 
so  that,  by  hand  regulation,  even  the  slight  fluctuations  in  voltage 
na.turally  occurring  in  the  power  house  were  eliminated  by  varying  the 
resistance. 

The  voltmeter  used  was  an  instrument  reading  from  o  to  150  volts, 
while  the  mil-ammeter  indicates  from  o  to  1500  miUi-amperes.  Both 
instruments  were  especially  adjusted  and  calibrated  in  the  laboratory 
of  the  Weston  Electrical  Instrument  Company,  and  subsequently 
tested  and  calibrated  by  the  National  Bureau  of  Standards.  We  are 
much  indebted  to  Mr.  S.  C.  Dinsmore  of  the  Weston  Electrical  Instru- 
ment Company,  formerly  connected  with  the  researches  with  the  res- 
piration calorimeter  at  Wesleyan  University,  for  his  kindness  in  looking 
after  the  careful  calibration  of  these  instruments. 

The  readings  on  these  two  instruments  were  used  in  calculating  the 
theoretical  amounts  of  heat  developed  inside  the  calorimeter  chamber 
by  means  of  the  formula  I  X  E  X  t  X  0.2385,  in  which  /  is  the  current 
in  amperes,  E,  the  electromotive  force,  /,  the  time  in  seconds,  and  0.2385, 
the  factor  used  to  convert  the  watt-seconds  to  calories. 

The  amount  of  heat  measured  by  the  calorimeter  was  calculated  from 
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the  records  of  (i)  the  mass  of  water  passing  through  the  heat-absorbing 
system ;  (2)  the  average  differences  between  the  temperatures  of  the  cool- 
ing current  of  water  as  it  entered  and  left  the  calorimeter  as  measured 
on  two  carefully  calibrated  mercurial  thermometers  read  to  o.or°;  and 
(3)  the  variations  in  temperature  of  the  calorimeter  as  recorded  on  two 
series  of  electrical  resistance  thermometers,  which  indicated  both  the 
temperature  of  the  copper  wall  and  also  the  temperature  of  the  air.  The 
results  of  a  sample  test  of  this  type  are  shown  herewith  in  tabular  form. 

TABLE  I. 

Recobd  or  Heat  Developed  in  Electbical  Check  ExFEKiHKin'  with 

Chair  Calokiuetek.    Oct.  14,  1909  (I-hodk  Periods). 


Period. 

Theory. 

Found. 

Pefcenlage 
founcT 

Rrst 

Second  .... 
Third     .... 
Fourth  .... 

87.1 
87.4 
86.9 
86.9 

86.9 
88.0 
86.6 
86.3 

99.8 
100.7 
99.7 
99.3 

Total.   .   .   . 

348.3 

347.8 

99.9 

DeTESIUNATION  of  the  HydkOTHERUAL  EQtnvALENT 

OP  A  Respibation  Calosiheter. 

The  determination  of  the  hydrothermal  equivalent  of  a  calorimeter 
large  enough  for  experiments  with  man  presents  certain  peculiar  fea- 
tures that  are  worthy  of  special  consideration.  The  type  of  calorimeter 
here  described  is  unlike  all  others  in  that  it  is  built  on  the  adiabatic 
principle,  and  consequently  a  rise  in  temperature  during  an  experiment 
results  in  part  from  the  heat  given  up  to  the  apparatus  by  the  source  of 
heat  inside  the  chamber  and  in  part  from  the  heat  supplied  to  the  ap- 
paratus by  an  arbitrarily  controlled  source  of  heat  outside  the  chamber. 
The  exact  apportionment  of  this  heat  is  a  problem  of  unusual  interest. 

The  apparatus  is  constructed  with  an  inner  wall  of  copper,  about 
which  is  a  wall  of  zinc,  with  a  75  mm.  air  space  between  the  two  waUs. 
Outside  the  zinc  wall  is  a  second  air  space,  which  is  in  turn  surrounded 
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by  hair  felt  and  asbestos  lumber.  The  copper  and  zinc  walls  are  at- 
tached to  upright  bars  of  structural  steel  channel  iron,  but  the  copper 
wall  does  not  come  in  contact  with  the  steel,  owing  to  insulation  by 
means  of  strips  of  asbestos  wood.  Between  the  two  walls  is  a  system  of 
thermal  junctions  by  which  any  differences  in  temperature  are  readily 
detected,  while  between  the  hair  felt  and  the  zinc  wall  is  a  system  of 
heating  wires  and  cooling  pipes  by  which  the  temperature  inside  the 
chamber  may  be  arbitrarily  controlled. 

To  provide  for  the  removal  of  the  heat  produced  artificially  or  by  the 
subject,  a  heat-absorbing  apparatus  is  installed  within  the  chamber. 
This  consists  of  a  continuous  brass  pipe,  to  which  are  soldered  at  in- 
tervals copper  disks  which  greatly  increase  the  heat-absorbing  surface. 
By  varying  the  temperature  of  the  water  which  flows  through  this  pipe, 
an  attempt  is  made  so  to  regulate  the  amount  of  heat  brought  away  that 
it  will  exactly  equal  the  heat  produced  and  thus  insure  a  constant  tem- 
perature inside  the  chamber.  It  is,  however,  practically  impossible  in 
an  experiment,  especially  with  man,  to  secure  such  constant  conditions 
at  the  beginning  and  end  of  each  period,  and  there  are  slight  differences 
in  temperature  which  accompany  certain  kinds  of  experimenting. 
While  ordinarily  these  differences  amount  to  only  a  few  hundredths  of 
a  degree,  yet  they  may  amount  to  0.1°  or  0.2°,  and  accordingly  some  in- 
formation with  regard  to  the  hydrothermal  equivalent  of  the  apparatus 
is  highly  desirable.  The  methods  for  determining  this  hydrothermal 
equivalent  are  at  first  sight  somewhat  complex,  as  a  rise  in  temperature 
of  the  calorimeter  may  result  from  several  distinct  causes.  Since  it  has 
been  proved,  however,  that  the  apparatus  measures  most  accurately  the 
amount  of  heat  generated  in  the  apparatus  electrically,  the  hydrothermal 
equivalent  may  be  determined  by  means  of  an  electrical  check  experiment. 

At  certain  times  during  such  an  experiment  the  temperature  of  the 
ingoing  water  is  increased  so  that  the  heat,  instead  of  being  brought 
away  by  the  water  current,  is  absorbed  by  the  walls  of  the  chamber  and 
thus  the  temperature  of  the  apparatus  slowly  raised.  Simultaneously 
a  careful  control  is  maintained  of  the  thermo-electric  system  between 
the  two  metal  walls  and  sufficient  heat  is  applied  to  the  outer  wall  to 
prevent  heat  passing  through  from  the  copper  to  the  zinc  wall,  thus 
avoiding  a  cooling  correction.  When  the  temperature  of  the  apparatus 
has  risen  to  approximately  the  point  required,  the  temperature  of  the 
ingoing  water  is  lowered  so  as  to  bring  away  the  heat  as  rapidly  as  it  is 
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generated  and  the  chamber  is  held  at  a  constant  temperature  for  the 
next  period.  A  control  experiment  made  at  this  last  temperature  level 
should  show  an  agreement  between  the  theoretical  heat  developed 
electrically  and  the  heat  measured,  while  in  the  previous  period  there 
should  be  a  distinct  deficiency  in  the  heat  measured  as  compared  with 
the  heat  produced.  This  deficiency  will  obviously  be  a  measure  of  the 
heat  absorbed  by  the  calorimeter. 

Two  final  tests  are  made,  in  the  first  of  which  the  temperature  of  the 
water  current  is  so  regulated  as  to  bring  away  somewhat  more  heat  than 
is  being  generated  and  the  calorimeter  cools  slowly,  precaution  being 
taken  to  likewise  cool  the  zinc  wall  so  that  there  will  be  no  temperature 
difference  between  the  two  walls.  At  the  end  of  the  period,  when  the 
temperature  has  fallen  to  the  desired  point  and  a  constant  temperature 
is  secured,  a  final  control  test  is  made,  during  which  time  the  heat 
generated  should  exactly  equal  the  heat  measured.  During  the  pre- 
ceding period,  however,  while  the  calorimeter  is  cooling,  there  will  ob- 
viously be  more  heat  measured  than  was  generated,  the  excess  heat 
being  given  up  by  the  calorimeter. 

The  temperature  of  the  chamber  is  very  accurately  recorded  by  means 
of  a  series  of  resistance  thermometers,  one  set  being  suspended  in  the 
air  about  3.5  centimetres  from  the  copper  wall,  and  a  second  set  being 
enclosed  in  small  copper  boxes  securely  attached  to  the  wall,  thereby 
indicating  the  temperature  of  the  copper  wall  rather  than  of  the  air  in 
the  vicinity  of  the  boxes. 

The  difference  between  the  amoimts  of  heat  measured  and  of  the  heat 
introduced  when  the  temperature  is  falling  represents  the  heat  lost  by 
the  calorimeter  during  the  period,  and  if  this  is  divided  by  the  tempera- 
tiu^  fall,  it  will  give  in  calories  the  heat  yielded  by  the  calorimeter  per 
degree  of  change  in  temperature;  from  these  data  one  can  ea^y  obtain 
the  hydrothermal  equivalent.  On  the  other  hand,  the  deficiency  in  heat 
between  that  introduced  and  that  actually  measured  during  the  rising 
period  gives  a  measure  of  the  heat  absorbed,  and  this,  divided  by  the 
temperature  rise,  also  gives  direct  data  for  computing  the  hydrothermal 
equivalent.  Theoretically,  under  like  conditions,  the  measurement  of 
h;at  absorbed  in  the  rising  period  and  of  the  heat  given  off  in  the  falling 
period  should  agree.  The  results  obtained  in  an  experiment  of  this 
nature  are  given  in  the  table  herewith. 
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Record  of  Heat  in  Electucai.  Chece  Expekiuekt  hade  i 

HyDKOTBERMAL  Equivai-ent  OF  THE  Chaik  Calouueter,  Nov.  10,  1909. 


Period. 

Temp,  of 
calorimeter. 

Theory. 

Found. 

from 
theory. 

in  temperature 

10JJ8  A.  11. 
10.28  A.  11.-11.28     " 
1158    •'   -12.28  p.m. 
12.28  p.  11.-  \3»    " 
1.28    "  -  2.28    " 
2.28    "   -4.59    " 
4.S9    "   -  S.S9    " 
S.S9    ■•  -  8.20    " 
8.20    "  -9.20    " 

19.95 
19:95 
19.97 
19.99 
19.97 
21.47 
21.47 
20.28 
20.32 

84.7 
84.7 
84.7 
84.7 

2U.2 
84.7 

199.1 
84.7 

83J2 

83.7 
'85.5 

85.2 
183.7 

84J 
222.1 

86.6 

-  1.5 

-  1.0 
+  0.8 
+  0.5 
-29.S 
+  0.1 
+23.0 
+  1.9 

19.7 
19.4 

Average 

19.5 

From  the  data  given  in  this  table,  it  is  seen  that  the  heat  absorbed  or 
given  off  by  the  calorimeter  during  the  rising  and  falling  periods  was 
essentially  the  same.  Since  the  amount  of  heat  required  to  raise  the 
temperature  of  the  calorimeter  i°  under  these  conditions  is  19.5  calories, 
I.  e.,  the  amount  of  heat  which  would  be  required  to  raise  19.5  kg.  of 
water  1°,  the  value  for  the  hydrothermal  equivalent  of  this  calorimeter 
may  accordingly  be  taken  as  19.5  kg.' 

An  attempt  has  also  been  made  to  compute  roughly  the  hydrothermal 
equivalent  of  the  calorimeter  from  the  recorded  weights  of  the  copper 
wall  and  fixtures  of  the  apparatus,  but  the  numerous  factors  entering 
into  the  equalizing  of  the  heat  from  the  inner  and  outer  sources  make 
it  practically  impossible  to  compute  this  with  any  degree  of  accuracy. 
Furthermore,  the  value  here  obtained  by  direct  experimentation  has 
a  much  greater  significance,  as  the  conditions  of  experimenting  during 
an  electrical  check  test  approximate  very  closely  the  conditions  of  ex- 
perimenting with  man.    The  value  of  19.5  kg.  found  with  this  calorim- 
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eter  represents,  therefore,  with  a  degree  of  accuracy  far  within  the  limit 
of  experimental  error,  the  hydrothermal  equivalent  of  the  respiration 
calorimeter  as  used  in  experiments  with  man.  A  similar  series  of  ex- 
periments on  another  somewhat  larger  calorimeter  in  the  same  labo- 
ratory showed  a  hydrothermal  equivalent  of  approximately  ai  kg. 

The  results  of  these  electrical  check  experiments  show  that  the  calo- 
rimeter, when  carefully  manipulated,  enables  us  to  measure  heat  with 
an  accuracy  inside  of  i  per  cent  for  periods  as  short  as  one  hour. 

SmuLTANEous  Tests  of  Accdracy  as  a  Respibation 
Apparatus  and  as  a  Calokiueteb. 

Since  the  ultimate  object  of  u»ng  an  apparatus  of  this  type  is  to  de- 
termine simultaneously  four  important  factors  of  metabolism  in  man, 
namely,  water  vaporized,  carbon  dioxide  excreted,  oxygen  consumed, 
and  heat  eliminated,  it  is  necessary  that  the  apparatus  should  be  tested 
as  to  its  accuracy  for  determining  these  four  factors  in  experiments  of 
short  duration.  In  the  detwled  description  of  this  apparatus  results 
were  given  of  a  test  experiment  of  seven  and  one-half  hours  *  which  was 
made  by  weighing  an  alcohol  lamp  at  the  be^nning  and  end  of  the  ex- 
periment, correction  being  made  for  the  loss  of  weight  during  the  few 
seconds  intervening  between  the  end  of  the  experiment  and  the  weigh- 
ing of  the  lamp.  Obviously,  in  experiments  of  so  short  a  duration  as 
one  hour,  a  different  method  must  be  used  for  definitely  determining 
the  amount  of  alcohol  burned. 

In  the  description  of  the  respiration  calorimeter  at  Wesleyan  Uni- 
versity, Middletown,  Conn.,*  a  form  of  alcohol  lamp  was  shown  to 
which  alcohol  was  supplied  from  the  outside,  and  the  amount  of  alcohol 
was  estimated  with  an  accuracy  of  approximately  0.3  gm.  Since  the 
amount  of  alcohol  used  in  an  experiment  which  is  designed  to  control 
the  apparatus  under  the  conditions  when  a  man  is  inside  is  not  far  from 
15  gm.  per  hour,  this  error  is  considerably  over  i  per  cent,  and  an  en- 
tirely different  type  of  lamp  was  finally  resorted  to.  A  hole  8  mm.  in- 
ternal diameter  and  15  mm.  deep  was  drilled  in  a  small  piece  of  brass 

*  Benedict  and  Cagfenteb:  Carnegie  Institution  of  Washington  Publication 
No.  133,  1910,  p.  9a. 

•  ArwATER  and  Benedict:  Carnegie  Institution  of  Washington  Publication 
No.  43,  1905,  p.  100. 
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rod  II  mm.  in  diameter,  and  the  cup  thus  made  securely  attached  with- 
out solder  to  the  end  of  a  fine  copper  pipe  2  mm.  internal  diameter  and 
3  mm.  external  diameter.  This  pipe  was  passed  through  an  air-tight 
opening  in  the  wall  of  the  chamber  near  the  floor,  and  connected  on  the 
outside  with  an  accurately  calibrated  burette,  on  which  differences  of 
level  amounting  to  0.01  c.c.  could  be  accurately  read.  Alcohol  was  then 
allowed  to  flow  into  this  burette  and  through  the  connecting  pipe  into 
the  brass  cup  inside,  where  it  was  absorbed  by  a  piece  of  asbestos  paper 
which  served  as  a  wick  in  the  cup,  and  was  there  burned. 

Considerable  difficulty  was  at  first  experienced  in  finding  an  appa- 
ratus which  would  deliver  an  even  flow  of  alcohol  into  the  lamp.  Finally 
an  apparatus  was  devised  which  was  constructed  on  the  principle  of  the 
Mariotte  flask.  In  this  apparatus  two  glass  tubes  are  inserted  through 
a  rubber  stopper  shellacked  into  the  neck  of  a  500  c.c.  bottle  nearly 
filled  with  alcohol.  One  of  these  tubes,  by  the  addition  of  rubber  tubing, 
stopcock,  and  a  capillary  tube,  acts  as  a  siphon  through  which  the 
alcohol  is  delivered.  The  other,  which  reaches  nearly  to  the  bottom  of 
the  bottle,  regulates  the  pressure  of  air.  When  the  stopcock  is  opened 
and  the  alcohol  begins  to  flow  out  of  the  delivery  tube,  the  level  of  the 
alcohol  in  the  other  tube  is  lowered  until  the  tube  is  empty.  Constant 
pressure  is  then  obtained,  and  thus  a  constant  delivery  of  the  alcohol  is 
insured.  The  rate  of  flow  is  regulated  by  a  simple  device  for  raising  and 
lowering  the  point  of  the  delivery  tube. 

Two  of  these  bottles  were  used  when  making  a  control  test,  so  that 
a  second  bottle  could  be  held  in  readiness  for  interchanging  at  the  end 
of  each  period.  The  bottles  were  adjusted  to  deliver  14  to  15  gm.  of 
alcohol  an  hour,  and  this  rate  was  maintained  with  the  greatest  regu- 
larity.  It  was  thus  possible  to  insure  constancy  in  the  rate  of  flow  and 
to  know  exactly  the  alcohol  consumption  in  periods  of  one  hour. 

As  a  result  of  much  preliminary  experimenting,  which  has  been  pub- 
lished elsewhere,'  it  was  found  that  the  highest  grades  of  commercial 
alcohol  could  be  used  in  tests  of  this  kind.  By  determining  the  specific 
gravity  of  the  alcohol  used,  the  composition  of  the  alcohol  may  be  ob- 
tained from  any  one  of  the  numerous  excellent  alcoholometric  tables, 
and  a  simple  computation,  based  on  the  composition  of  the  alcohol, 
will  give  the  amounts  of  carbon  dioxide,  water  vapor,  and  heat  pro- 
duced, and  oxygen  consumed  during  combustion.  The  specific  gravity 
'  Atwatex  and  Benedict:  Loc.  cU.,  p.  96. 
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of  the  alcohol  was  determined  with  a  Squibb  pyknometer,  and  the 
alcohol  used  in  these  experiments  was  found  to  have  a  composition  of 
92.56  per  cent  of  ethyl  hydroxide  by  weight.  Each  gram  of  this  alcohol, 
therefore,  resulted  in  the  formation  of  1.769  gm.  of  carbon  dioxide, 
1,087  B™-  of  water,  6.553  calories  of  heat,  and  required  for  its  complete 
oxidation  1.930  gm.  of  oxygen.'  Taking  into  account  the  preformed 
water  (0.074  gm.)  and  the  heat  used  in  the  vaporization  of  water  (0.687 
calorie),  the  amounts  of  water  and  heat  measured  per  gram  of  alcohol 
were  thus  1.161  gm.  and  5.866  calories  respectively. 

In  carrying  out  these  control  tests,  the  apparatus  was  first  put  in 
running  order  and  a  preliminary  test  of  two  or  three  hours  made.  In 
the  final  test  the  amount  of  alcohol  burned  was  weighed  for  each  hour, 
and  the  outgoing  amount  of  water  vapor  and  carbon  dioxide  determined, 
as  well  as  the  amount  of  oxygen  absorbed  from  hour  to  hour.  The  re- 
sults of  the  earlier  tests  showed  remarkable  uniformity  in  the  determina- 
tion of  the  carbon  dioxide  production,  oxygen  consumption,  and  heat 
elimination,  but  there  was  invariably  a  much  larger  amount  of  water 
vapor  in  the  outcoming  air  than  could  have  resulted  from  the  combus- 
tion of  the  alcohol. 

It  was  very  difficult  to  account  for  the  large  amoimt  of  water  obtained 
in  these  control  experiments.  Apparently  all  ol  the  hygroscopic  mate- 
rial inside  of  the  chamber  was  removed,  including  any  article  of  wood 
or  asbestos  lumber,  and  even  the  rubber  tubes  of  the  pneumograph  and 
stethoscope  as  well  as  many  of  the  electric  wires,  and  yet  there  was  a 
persistent  increase  in  the  amounts  of  water  vapor  carried  out  from  the 
chamber  in  the  ventilating  air  current. 

A  series  of  tests  was  therefore  made  in  which  the  regulation  of  the 
ventilating  air  current  was  such  that  the  air  entering  the  chamber  was 
absolutely  dry,  all  the  moisture  having  been  absorbed  by  sulphuric  acid 
over  which  it  had  been  passed.  Consequently  this  extremely  dry  air 
absorbed  moisture.in  the  chamber  and  brought  it  out  in  the  air  current. 
The  amounts  of  water  vapwr  absorbed  from  the  air  in  the  chamber  in 
the  tests  thus  made  are  shown  in  Table  III. 

At  the  end  of  such  a  drying  out  there  was  still  an  appreciable  amount 

of  water  vapor  remaining  in  the  air  in  the  chamber,  but  since  during  an 

alcohol  check  experiment  the  air  inside  of  the  chamber  is  by  no  means 

absolutely  dry,  and  under  ordinary  conditions  there  are  present  5  gm. 

*  For  computation  of  these  factors,  see  Atwater  and  Benedict:  Loc.  eit.,  p.  98. 
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of  water  vapor  in  1500  litres  of  air,  corresponding  to  a  rdative  humidity 
of  19.5  per  cent,  it  was  unnecessary  to  provide  for  the  removal  of  all  the 
water  from  the  chamber. 

In  order  to  test  the  possibility  of  the  metal  walls  giving  up  any  mate- 
rial amount  of  water,  another  experiment  was  made  in  which  a  targe 
sheet  of  metal  (copper),  containing  some  1.3  square  metres;  was  sus- 


MOISTUBE   KZUOVED  MtOM  THE   CHAHBBK   BY  THE  VENTILArlNO   All  "CUWIENT 
DUKINQ   MOISTUKZ  TELSTS    (QnANTmES   PES  HOTTS). 


Date. 

First 

period. 

Second 
period. 

Third 
period. 

Fourth 

period. 

Fifth 

period. 

Sixth 

Seventh 
period. 

5 

12.90 

2.20 

1.40 

1J5 

*■■ 

•* 

«-. 

6' 

2,95' 

1.10 

0.60 

0.45 

0.45 

8 

8.85 

1.95 

0.95 

0.65 

0.50 

0.55 

0.40 

9 

9.65 

2.40 

1.00 

0.60 

0.60 

0.60 

IS 

15.00 

2.60 

1.05 

0.65 

0.S5 

0.45 

0.40 

16' 

1.45* 

0.40 

0.30 

0.20 

035 

0.25 

iTiBterial,  and  this  moisture  was  measured  during  the  first  period,  as  may  be  seen  from 
the  figures. 

moisture  absorbed  during  the  first  period,  see  footnote  I. 

pended  inside  of  the  chamber  on  the  arm  of  the  balance.  The  sheet  of 
copper  was  allowed  to  remain  suspended  during  an  eight-hour  experi- 
ment, while  the  chamber  was  being  dried  out,  and  the  balance,  which 
is  capable  of  weighing  with  an  accuracy  of  0.1  gm.  indicated  no  appre- 
ciable loss  in  weight  of  the  copper. 

Finally,  experiments  were  made  in  which  the  chamber  was  dried  out 
quite  completely  the  day  before,  then  on  the  morning  of  the  experiment 
the  window  was  opened,  the  alcohol  lamp  lighted,  and  the  window 
closed  again  as  soon  as  possible.  The  preliminary  period  of  the  ex- 
periment was  then  begun,  and  continued  for  an  hour  or  two.  Owing 
to  the  preliminary  drying  out  process,  the  hygroscopic  material  in  the 
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chamber  was  comparatively  free  from  moisture  at  the  beginning  of  the 
experiment  and  thus  absorbed  a  pordon  of  the  water  given  off  in  the 
combustion  of  the  alcohol.  The  amount  of  moisture  in  the  chamber 
accordingly  increased  somewhat  and  less  water  vapor  was  carried  out 
and  measured  than  was  produced.  Consequently,  for  the  first  time  in 
experiments  with  this  apparatus,  the  water  foimd  during  the  initial 
period  was  less  than  the  theoretical  amount,  as  will  be  seen  by  the 
results  of  the  experiment  given  in  Table  IV.  Subsequently,  when 
moisture  equilibrium  had  been  established,  the  results  agreed  very 
*  satisfactorily  with  the  theory. 

Although  all  material  of  a  supposedly  hygroscopic  nature  was  re- 
moved from  the  chamber,  there  were  certain  connections,  particulariy 
those  leading  to  the  resistance  thermometers,  that  could  not  be  removed. 
These  consisted  of  copper  wires  covered  with  an  insulating  material 
commonly  used  for  electrical  connections  and  which  doubdess  absorbed 
an  appreciable  amount  of  moisture.  The  reastance  thermometers, 
also,  were  wound  on  wooden  spools,  but  the  thorough  shellacking  of 
these  spools  probably  prevented  them  from  absorbing  much  moisture. 
Furthermore,  while  itjs  probable,  from  the  results  of  the  experiment 
previously  referred  to,  that  the  copper  wall  absorbed  no  moisture,  the 
white  enamel  paint  used  on  the  inside  wall  of  another  calorimeter  has 
been  proved  to  absorb  a  not  inconsiderable  amount,  and  this  fact  must 
be  taken  into  consideration  when  using  the  apparatus.  The  amount 
of  hygroscopic  material  thus  remaning  in  the  chamber,  though  small, 
is  sufficient  to  retain  water  for  a  long  time,  and  it  was  found  practicaUy 
impossible  to  make  the  apparatus  absolutely  dry  in  twenty-four  hours. 

For  experiments  with  man  this  drying  out  process  is  of  course  im- 
practicable, as  there  is  always  a  certain  relative  humidity  inside  the 
chamber,  and  a  moisture  equilibrium  will  ultimately  be  established 
between  the  hygroscopic  material  inside  the  chamber  and  the  air  current. 
It  is  of  no  consequence,  however,  so  far  as  the  heat  measurement  is 
concerned,  whether  the  water  is  vaporized  from  the  surface  of  the 
copper,  from  the  surface  of  rubber  tubing  or  electric  wiring,  from  the 
wood  of  the  wooden  spools  of  the  resistance  thermometers,  or  from  the 
clothing,  skin,  or  lungs  of  the  subject,  but  an  accurate  knowledge  of 
the  total  amount  of  water  vaporized  inside  the  chamber  during  a  given 
period  is  a  necessary  factor  in  the  measurement  of  the  heat  eliminated. 
This  may  be  obtained  from  the  analyses  of  the  outcoming  air. 
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TABLE  IV. 

Alcohol  Check  Expekiuent.  —  Chaib  CALouifBTEs,  Nov.  18,  1909. 

(1-BODK  Periods.) 


Period. 

Alcohol 
burned. 

Carbon  dioride. 

Oxygen. 

Theory. 

Found. 

Ratio  of 
found  to 
theory. 

Theory. 

Found. 

First  .... 
Second  .  .  . 
Third    .  .  . 
Fourth  .  .  . 
Fifth  ...  . 

14.7 
14.2 
15.1 
13.9 
14.6 

26.0 
25.1 
26.7 
24.6 
2S.9 

35.5 
24.7 
26.5 
34.4 
35.9 

98.4 
99.3 
99.2 
100.0 

2S.3 
27.4 
39.1 
26.9 
28.3 

28.2 
27.3 
28.8 
26.9 
28.7 

TottI     .  .  . 

72.5 

128.3 

127.0 

99.0 

140.0 

U9.5 

Period. 

Alcohol 
burned. 

Carbon  dioxide. 

Oxygen. 

Theory. 

Found. 

Ratio  of 
found  to 
theory. 

Theory, 

Found, 

First  ...   . 
Second  .   .   . 
TWrd     .   .   . 
Fourth  .   .   , 

rath.  .  .  . 

Sixth.   .   .   . 
Seventh     ,   . 

13.2 
13.4 
12.6 
13.8 
13.1 
13.6 
13.6 

33.4 
23.8 
22.2 
24.4 
23.3 
24.0 
24.0 

23.5 
23.4 
22.3 
23.9 
24.0 
23.2 
23.9 

100.4 
98J 

100.5 
98.0 

103.5 
96.7 
99.6 

25.5 
26.0 
24.3 
26.6 
35J 
26.2 
26.2 

25.4 
26.S 
23.5 
26.5 
25.9 
25.5 
26.7 

TouU,   .   . 

93.3 

165.0 

164.2 

99.S 

180.1 

180.0 

'  This  Moouot  does  not  include  the  water  vtLpot  for  the  first  two  periods  in  which  obviously 
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TABLE  IV. 
Alcohol  Check  Exferiuent.  —  Chaik  Calouhbteb,  Nov.  18,  1909. 


Water  vapor. 

Heat. 

Ratio  of 
found  to 

theory. 

Theory, 

.... 

Ratio  of 
found  to 
theory. 

Theory. 

Found. 

Ratio  of 
found  to 
theoiy. 

99.7 

17.0 

16.7 

pnaU. 
98.2 

86.1 

86.1 

100.0 

99.6 

16.5 

16.4 

99.4 

83.3 

82.8 

99.4 

99.0 

17.5 

17.5 

100.0 

88.5 

88.9 

100.5 

100.0 

16.2 

16.2 

100.0 

81.7 

79.8 

97.7 

101.4 

17.0 

16.9 

99.4 

85.9 

88.1 

102.6 

99.9 

84.2 

83.7 

99.4 

425.5 

425.7 

100.1 

TABLE  V. 
Alcohol  Check  Expekihent.  —  Bed  Calokiheteh,  Jai> 


Water  vapot. 

Heat. 

Ratio  of 
found  to 
theoiy. 

Theory. 

Found. 

Ratio  of 
found  lo 

theory. 

Theory. 

Found. 

Ratio  of 
found  to 
theory. 

99.6 
101.9 

96.7 

99.6 
102.4 

97.3 
101.9 

15.3 
15.6 
14.6 
16.0 
15.2 
15.8 
15.8 

16.1 
16.3 
14.9 
16.2 
15.7 
15.8 
15.8 

105.2 
104.5 
102.1 
101.3 
103.3 
100.0 
100.0 

•ml. 

77.5 
79.0 
73.7 
81.0 
76.8 
79.6 
79.7 

76.4 
78.7 
71.3 
80.3 
7S.9 
79.0 
79.S 

98.6 
99.6 
96.8 
99.1 
9S.S 
99.2 
99.8 

99.9 

77.4' 

78.4' 

101.3 

547.3 

54L1 

98.9 
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The  final  test  of  the  apparatus,  therefore,  is  to  bum  in  the  chamber 
such  small  quantities  of  alcohol  as  will  yield  amounts  of  water,  carbon 
dioxide,  and  beat  approximating  the  amounts  eliminated  by  man  in 
periods  as  short  as  one  hour  when  at  rest  inside  the  chamber.  By  means 
of  the  calorimetric  and  chemical  features  of  the  apparatus,  measure- 
ments can  be  made  of  the  total  amount  of  heat  eliminated,  water  vapor- 
ized, carbon  dioxide  produced,  and  oxygen  consumed.  The  results  of 
such  experiments  show  that  with  all  four  factors  there  is  a  most  satis- 
factory agreement  between  the  amounts  measured  and  the  theoretical 
amounts,  as  may  be  seen  by  the  results  of  the  two  experiments  given  in 
Tables  IV  and  V. 

To  obtain  duplicate  results  in  the  determination  of  a  single  dement 
or  radicle  by  chemical  analysis  frequenUy  requires  a  number  of  de- 
terminations, and  when  two  factors  are  simultaneously  determined,  as 
carbon  and  hydrogen  in  elementary  organic  analy^s,  still  greater  diffi- 
culty is  experienced.  It  can  therefore  easily  be  seen  that  the  simultaneous 
determination  of  four  factors  presents  a  problem  that  is  rarely  met  with 
in  either  physical  or  chemical  operations  and  heretofore  never  in  phys- 
iological chemical  operations.  Indeed,  the  apparatus  has  proved  as 
accurate  as  any  chemical  process  ordinarily  used  in  a  laboratory,  and  it 
can  accordingly  be  characterized,  both  calorimetrically  and  chemically, 
as  an  instrument  of  precision. 
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A    COMPARISON   OF  THE  DIRECT  AND  INDIRECT  DE- 
TERMINATION  OF  OXYGEN  CONSUMED  BY  MAN. 

By  FRANCIS  G.  BENEDICT. 

[Nutriliait  Lii«rat«ry  tftkt  CvntgU  ItutUMun  «f  Watkiii^«m,  SoOon,  liaa.\ 

Yj  VER  dnce  Sanctorius  studied  the  insen^le  perspiration  of  man 
^-^  investigators  have  endeavored  to  use  the  insenable  Loss  in  wdght 
for  measuring  the  amount  of  water  vaporized  from  the  body.  Vihen 
direct  determinations  of  the  carbon  dioxide  production  and  water 
vaporization  have  been  added  to  the  measurement  ci  the  insensible  loss, 
an  attempt  has  also  been  made  to  determine  indirectly  the  amount  of 
oxygen  consumed  by  man.  Upon  the  comiJeti<m  erf  the  great  resjnra- 
tioD  chamber  of  Pettenkofer  in  Munich,  a  number  erf  experiments  were 
made  in  which  the  carbon  dioxide  output  of  man  was  determined  with 
great  accuracy.*  The  water  vapor  determinalion  was  by  no  means  as 
accurate,  but  the  authors  used  the  results  thus  obtained,  oHiibtoed  with 
the  data  regardii^  changes  in  weight  of  the  body  of  the  subject,  to  cnm- 
pute  the  oxygen  consumption.  Xe^ect  to  take  into  ooostderation  the 
changes  in  weight  of  the  bed  and  bedding  led,  however,  to  erroneoas 
deductions  from  certain  of  these  experiradits.* 

The  difficulties  attendant  uptm  the  accurate  weighing  of  materials 
inside  of  a  resfnration  chamber,  and  the  absorpdwi  of  n»i=:-.je  by  sa- 
faces  of  wood  and  painted  metal,  were  later  poinred  o'.::  by  S^ohmann.* 
In  more  recent  years  Haldane '  applied  the  iod:rect  rcspfraifoc  chamber 
method  to  stttd)-ing  the  oxygen  ccnsumptioo  of  snail  ar.inals  ir.\h  con- 
siderable success.  In  this  case  it  was  possible  :o  wtiA.  txx  aclj  the 
animal  but  tbe  whole  chamber  in  which  the  azin^al  was  cccised,  and 
tbus  tbe  errors  were  min;mi«>H 

'  Petixxxiwek  um]  Vott:  Zatadaiit  fa;  Binlo^  i466.  E.  ^  4?^ 

*  C.  and  E.  VoiT  »oA  J.  toasTTM:  Zntacfcrif:  fir  Kck^se.  :4r5.  **-  ?  i>A. 

*  Sromuas:  Laadwirthsdiifttidie  VgaodaBraonnfa.  ii'<.  lix.  p-  it,  ^d 
p.  159. 

'  Hauiase:  Joarnal  of  phjsology,  1893,  x=i.  p.  4:3. 
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When  the  respiration  chamber  at  Wesleyan  University  was  con- 
structed, attempts  were  made  to  determine  the  oxygen  consumption 
indirectly  by  weighing  the  man  at  the  beginning  and  end  of  each  ex- 
perimental f>eriod.  For  this  purpose  special  platform  scales  were 
installed  immediately  above  the  respiration  chamber,  which  were  con- 
nected with  the  weighing  chair  inside  the  chamber  by  a  rod  passing 
through  the  upper  wall.  This  rod  was  made  air-tight  by  passing  it 
through  a  very  light  rubber  diaphragm,  and  the  whole  apparatus,  which 
has  been  described  in  detail  elsewhere,*  was  so  adjusted  that  weights 
could  be  obtdned  to  within  5  or  10  gm. 

To  bring  away  the  heat  produced  by  the  subject  in  this  respiration 
chamber,  cold  water  was  passed  through  heat-absorbing  pipes,  and  the 
variations  in  the  humidity  sometimes  caused  considerable  condensa- 
tion of  moisture  on  the  surface  of  the  absorber  system  inside  the  ap- 
paratus. Since  no  provision  was  made  for  weighing  this  moisture  which 
had,  in  a  certain  sense,  been  distilled  from  the  body  of  the  subject  and 
condensed  on  the  cold  pipes,  it  was  not  taken  into  consideration  in  the 
ordinary  course  of  weighing  the  water  vaporized  which  had  been  ab- 
sorbed by  the  air  current ;  consequently,  as  an  accurate  measurement 
of  the  water  vaporized  is  necessary  for  the  indirect  determination  of 
the  oxygen  consumption,  this  method  could  not  be  used  whenever  such 
condensation  occurred.  Subsequently  a  device  was  attached  to  the 
heat-absorbing  system  so  that  it  could  be  weighed  with  a  moderat,;  de- 
gree of  accuracy,  and  with  this  appliance  in  use  it  was  possible  to  secure 
an  approximate  idea  of  the  oxygen  consumption.  As  the  difficulty  of 
suspending  a  large  heat-absorbing  system  on  the  scales  was  quite  con- 
siderable and  the  limit  of  accuracy  was  not  less  than  5  to  10  gm.,  it  was 
impossible  to  secure  results  for  periods  less  than  twenty-four  hours. 

Later,  this  respiration  calorimeter  was  considerably  modified  *  so  as 
to  provide  for  the  direct  determination  of  the  oxygen  consumption,  and 
an  extensive  study  of  metabolism  during  inanition  ^  was  carried  out. 
The  conditions  during  these  experiments  were  much  simpler,  as  no  food 

*  Atwater  and  Benedict:  Carnegie  Institution  of  Washington  Publication 
No.  4*,  1905.  p.  158. 

*  Atwater  and  Benedict:  Carnegie  Institution  of  Washington  Publication 
No.  42,  1905.  See  also  Benedict  and  Carpenteb:  Carnegie  Institution  of  Wash- 
ington Publication  No.  123,  1910. 

^  Benedict:  Carnegie  Institution  of  Washington  Publication  No.  77,  1907. 
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was  ingested,  and  an  attempt  was  therefore  made  to  obtain  a  balance 
between  the  direct  determination  of  the  oxygen  consumption  and  the 
indirect  detenninalion  as  computed  from  the  changes  in  body  weight 
and  the  weights  of  the  gaseous  and  excretory  products.  A  comparison 
of  these  direct  and  indirect  determinations  of  oxj-gen  consumption  show 
that  even  in  periods  of  twenty-four  hours  considerable  error  is  liable  to 
be  made.  In  a  seven-day  fasting  experiment,  from  Mareh  4  to  11,  1905, 
variations  between  loss  of  body  weight  and  the  loss  of  body  material  as 
actually  computed  from  the  katabolism  ranged  from  -I- 15  gm.  on  the 
first  day  to  — 13  gm.  on  the  fourth  day.  The  average  of  all  seven  da>'s 
showed  an  error  of  less  than  one  half  of  a  gram,  —  an  agreement  that 
can,  from  the  nature  of  the  apparatus,  be  no  more  than  mere  coinci- 
dence. In  a  series  of  fasting  experiments  with  different  individuals  the 
discrepancies  were  from  +130  gm.  to  —35  gm.  and  rarely  was  the 
agreement  in  any  of  the  experiments  inside  of  10  gm. 

The  difficulties  in  measuring  the  oxygen  consumption  indirectly  are 
numerous.  If  we  assume  that  the  computation  is  made  according  to 
the  simple  formula,  a  =  b  +  c  —  d,  in  which  a  is  the  weight  of  the 
oxygen,  b  the  weight  of  the  carbon  dioxide,  c  the  weight  of  water  vapor- 
ized, and  d  the  loss  in  body  weight  of  the  subject,  we  can  see  that  it  is 
necessary  to  know  b,  c,  and  d,  with  great  exactness  in  order  to  place  any 
reliance  upon  the  values  foimd  for  a.  The  determination  of  carbon 
dioxide,  or  b,  can  be  made  with  the  respiration  calorimeter  with  very 
great  exactness.  The  determination  of  the  water  vaporized  in  the  ap- 
paratus can  likewise  be  made  with  great  exactness  under  certain  con- 
ditions, but  it  is  a  matter  of  great  difficulty  to  secure  ideal  conditions  for 
this  determination. 

In  a  respiration  calorimeter  recendy  built  at  the  Nutrition  Labora- 
tory an  attempt  has  been  made  to  eliminate  so  far  as  possible  all  the 
material  of  a  hygroscopic  nature  and  thus  secure  an  accurate  determina- 
tion of  the  water  vaporized  by  the  subject.  The  chamber  is  of  copper, 
and  the  appurtenances  Inside  are  few  and  usually  of  a  metallic  nature. 
A  most  careful  series  of  experiments,  in  which  a  piece  of  copper  was 
suspended  inside  the  chamber,  showed  practically  no  condensation  of 
moisture  on  the  metal,  so  that  it  is  not  necessary  to  take  this  factor  into 
consideration.  The  hygroscopic  nature  of  rubber  tubing  has  also  been 
tested  thoroughly  and  it  has  been  foimd  that  the  tubing  present  in  the 
chamber  is  not  sufficient  to  yield  any  material  amount  of  water  to  the 
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-  "■  r  zr-.-Tic-d  zi  -x'jcA.  and  -xbile  '— -  is  ricrru^y  -"i^arki^ ,  wc 
-k-':  rir.i  '.'.  iiec^^ary  :c  -jke  isrc  acrriirir  ±e  "jri^r-ctis  in  -we-iir  o£ 
■"-e  --h'.r.  i-  ■■■^ry  larse  inir.^mj  -t  ^arer  aiay  be  ihscrtsed  :;r  ^-^^n.  od 
';-•  T-*-<;  ~.i  'r.-.~  riar.ir^  FMrienncr^.  xr  the  ausxerrns  eiecricai  con- 
.""rc  '"^  .""-.';e  "-'-e  than: her  ■s'-ill  insvJa-'e-i  T-irs  ii  r^".ur^i-  aad  for  '.his 
'-■  ,U''r,r.  1  rihrc  xaieriaZ  has  heea  ,;=e^.  -xzlch  ^irhcur  icubt  absorbs 
.T',  -'-r--  .^r.r/.her  sci^rce  ;t  er~;r  is  ie  xeasursnieii:  ct  :ie  Taier 
-.-i->-.'- ;>rf  is  ir.-r->:-j:ei  '"7  --i~e  resUtasce  tbenccerers  use-i  in  ^leaser- 
>?  ■'-«  ■j^~7>Ti;ure  ct  :>.e  air.  Tbe=e  tbenncce^ers  are  ^r;u:Ki  oa 
■»'>>^»-n  s7»;ts.  and  aiti-.m^ji  tiie  ^cocU  are  iCcLicked  ibef  archies- 
''■■iv/  "ir7  in  Taier  c-.r.:sz:, 

T'-*  in-.f-zir-T  'I  maierial  ir^de  ±e  chamber.  :i:e:i,  thar  caz  yield  water 
•c  s  ',"  sir  rirr*r.;  is  'luite  ccc=iderab"ie.  a;:d  iizce  there  b  1:0  w^v  of 
-,-•;  — I '.'-.  T-tiii't  it  niav  lead  to  a ccii=;derabie  errrr  in  the deterziiaa- 
■  rr  'A  :f,  ti,:^  Tj^^rlzed-  It  3  poi^f^ie  to  wei^  the  chair,  to  weigh 
"f  -  ;-r  or.s  ,'/^,v.  wi-Jch  the  san  liti,  a=d  to  weizh  the  body  ci  the  maa. 
-■,-  ■  -  i— 7X.'Hihls  to  r<;te  the  charzei  hi  weight  of  the  spocis  UwOC  witiich 
■'<r  "'"rntcir^r-^ri  a«  »^^t:tii.  of  the  wires  cctmectirz  the  d;:teret:t  thor- 
r-'.-'-^T-  and  of  ti-.e  diceren:  electrical  cociiecticcs  and  r-bb^  r.:bes 
.'-    <:*■  •■/.  *.'.«  ci-,an:'>^. 

-.  --^  -,r*<iedir,z  article  te-st=  have  been  dted*  -a^hich  show  thai  coo- 
■.  '.'-i-,>^  -,--ant.':;^  of  nxUture  cay  be  removed  tro3  the  chamber  by 
'A  •'!_  "^"J  *•''  :hr'/-2h  it.  even  after  taking  om  all  wei^hable.  hysro- 
rf-.-.-.  -.  .T.s-'^'iL  If  thi-i  method  i=  followed  before  aa  eiperimenl  with 
\  ■  ."./■'•-  :'»?r»  wiii  ti-L^rn  be  at  the  begirring  ot  the  exrerimen:  very 
',-/  i  .-  'r'.'.t  :i-e  chin'/rxr  and  the  hygroscopic  ca:eriili  win  also  be 
'<■■■',■./.■  .;•  "■■■rii  -iri^-  W'^v.  ti",e  subject  begins  gi"ir.g  up  a  large  amount 
v  "'■.■  ■  -.-^  •-*  •-.■*  air.  a  cerain  arcount  ot  tcoisture  is  ag-jin  absorbed 
3-''  '.-,- i-r- -rfd  y.'  the  hyzTo-icopic  ma :e rials,  but  an  ei:,:ihbrium  is 
-  .1-.  ■  *-.'Ji-,.  -yrd  b'rt^'^r.  ihe  relatively  dr^'  air  and  the  materials 
- .,  _.  ,.   „,    j;  ;^  ;V/'r.  V'  the  air  analyses  made  from  time  to  time. 

-,  .r  ■f---^,  i-.-,r.-.i'i',r.i  T-e  beiieve  that  satisfactory  determinations  for 
%-■.-  —  '-I-,  -jf.  rr.H.'.'^.  ztA  that  the  water  measured  in  the  outcom.ing  air 

^    .  .-^  T  j-t-  yy  i^r.  or.  by  the  subject  himsell  and  is  not  derived 

'-,—  *-/  ry^r.  "^i^hahi";  materials  inside  the  chamber, 

*  &)  -AM'  7,  fcxBX,  *.',-i  Ekkxs  :  This  jounul,  1910,  Koi,  ft  i. 
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Id  determining  the  oxygen  consumption  by  the  indirect  method  not 
only  must  the  water  vaporized  be  accurately  measured,  but  also  the 
changes  in  body  weight.  To  weigh  a  body  as  large  as  that  of  a  70  or 
80  kg.  man,  continually  changing  in  weight  and  losing  from  0.6  to 
0.7  gm.  a  minute,  and  to  weigh  it  in  a  closed  respiration  chamber  that 
requires  an  absolutely  hermetical  seal  for  the  successful  direct  deter- 
mination of  the  oxgyen  consumption,  presented  problems  that  were 
overcome  with  great  difficidty.  The  apparatus  used  in  the  calorimeter 
at  Wesleyan  University  was  by  no  means  sensitive  enough  for  a  satis- 
factory determination  of  the  body  weight  in  periods  of  less  than  twenty- 
four  hours,  and  while  the  platform  scales  which  were  used  could,  under 
the  most  advantageous  circumstances,  indicate  definite  differences  in 
body  weight  with  an  accuracy  of  2  to  5  gm.,  this  sensitiveness  could 
rarely  be  relied  upon.  It  therefore  became  necessary  to  devise  a  weigh- 
ing apparatus  which  should  give  more  satisfactory  results. 

The  remarkably  sensitive  and  delicate  balance  and  registering  device 
of  Lombard '  could  not  here  be  used,  since  it  would  be  necessary  to 
have  both  the  chair  and  the  man  suspended  inside  of  a  hermetically 
sealed  box.  This  would  involve  some  movable  connection  between  the 
suspendon  rod  and  the  walls  of  the  chamber  which  could  allow  the  rod 
to  pass  through  the  wall  without  any  interchange  of  air.  Obviously  any 
such  system  reduces  the  sensitiveness  considerably.  The  apparatus 
described  by  Weiss,"  while  simple  and  offering  many  advantages,  was 
also  impracticable  for  our  use. 

After  repeated  tests  with  different  forms  of  balances  a  large  balance 
was  installed  which  was  capable  of  suspending  100  kg.  on  each  arm, 
and  was  sensitive  with  load  to  i  decigram.  This  balance  is  regularly 
listed  by  scientific  apparatus  bouses,  and  its  sensitiveness  leaves  very 
little  to  be  desired.  One  pan  of  the  balance  was  removed  and  a  sus- 
pension rod  substituted.  As  the  rod  passes  through  the  top  of  the 
respiration  chamber,  it  traverses  a  long,  hard  rubber  tube,  having  an 
internal  diameter  of  about  4  centimetres.  Between  the  open  end  of 
this  tube  and  the  rod  a  thin  rubber  membrane  or  diaphragm  weighing 
but  1.3  gm.  is  attached.  Under  ordinary  conditions  and  when  the  sub- 
ject is  not  being  weighed,  the  chair  and  the  suspension  rod  are  raised 
by  admitting  air  into  a  penumatic  cushion  under  the  cross  bar  to  which 

*  LoiiBAKD:  Journal  of  the  American  Medical  Association,  1906,  xlvii,  p.  1790. 
"  Weiss:  Archives  de  physiologie,  1897,  pp.  681-685. 
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the  suspension  rod  is  attached.  This  draws  a  rubber  stopper  tightly 
into  the  lower  end  of  the  hard  rubber  tube  extending  through  the  wall 
of  the  apparatus. 

At  the  beginning  of  the  weighing  the  suspension  rod  is  lowered  until 
the  cross  bar  is  in  place  and  the  weight  can  be  taken  by  an  assistant. 
It  is  impossible  to  secure  weighings  by  vibration,  and  consequendy  ar- 
rangements have  been  made  so  that  by  raising  a  lever  on  the  balance 
the  subject  can  be  equipoised  by  lead  or  brass  weights  placed  in  the  pan 
on  the  other  arm.  When  a  sufficient  number  of  weights  have  been 
added  and  exact  equipoise  is  obtained,  the  time  is  taken  to  seconds. 
The  weighings  are  usually  made  in  hourly  periods,  which  rarely  vary 
more  than  forty  to  sixty  seconds.  As  it  is  impossible  to  weigh  the  sub- 
ject at  any  given  second,  correction  can  be  made  for  these  slight  varia- 
tions, and  the  loss  in  weight  for  the  exact  hour  can  be  readily  computed 
without  introducing  an  error.  It  is  believed  that  by  this  method  the 
weighings  can  be  made  accurately  to  about  2  decigrams. 

Even  with  the  greatest  accuracy  in  the  determinations  of  carbon 
dioxide  production  and  water  vaporization,  and  with  the  most  sensitive 
balance,  it  is  still  of  absolute  importance  that  the  subject  be  very  familiar 
with  the  technique.  Furthermore,  each  time  the  body  is  weighed,  the 
records  should  always  include  the  loss  in  moisture  and  body  material 
from  the  material  originally  weighed.  Even  if  so  small  an  object  as  a 
handkerchief  or  a  lead  pencil  or  a  piece  of  paper  is  included  in  one 
weighing  and  not  in  a  subsequent  record  and  if  no  account  is  taken  of 
the  consequent  loss  in  weight,  it  is  clear  that  the  omission  will  affect  the 
accurate  determination  of  the  body  weight.  In  experiments  of  short 
duration,  such  as  five  or  six  hours,  it  is  particularly  necessary  that  every 
precaution  should  be  taken  to  make  sure  that  the  material  weighed  is 
always  the  same.  In  longer  experiments  of  twenty-four  hours  "  or 
more  we  have  every  reason  to  believe  that  any  discrepancies  appearing 
are  due  not  to  errors  in  the  balance  nor  to  errors  in  the  determinations 
of  the  carbon  dioxide  and  water,  but  to  actual  errors  resulting  from  the 
fact  that  there  are  variations  in  the  material  weighed. 

In  order  to  obtain  accurate  determinations  of  the  water  vaporized 
and  of  carbon  dioxide  production,  and  exact  records  of  the  body  weight, 

"  Benedict  and  Milner:  United  States  Department  of  Agriculture,  Office  of 
Experiment  Stations  Bulletin  No.  175,  1907;  Benedict:  Carnegie  Institution  of 
Washington  Publication  No.  77,  1907. 
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the  following  routine  has  been  decided  upon  as  the  best  method  for 
conducting  an  experiment  with  this  apparatus. 

On  the  day  before  the  experiment,  the  apparatus  is  closed,  and  con- 
nected with  the  ventilating  air  system;  the  air  current  is  then  allowed 
to  pass  through  the  chamber  for  several  hours.  This  constant  supply 
of  dry  air  removes  most  of  the  moisture,  and  the  apparatus  is  dried  to 
an  unusual  degree.  At  night  this  dry  air  is  left  in  the  chamber,  and 
consequently  the  moisture  is  given  up  from  the  hygroscopic  material. 
The  next  morning  the  current  of  dry  air  is  again  passed  through  the 
apparatus  for  an  hour  or  more,  and  then  the  subject,  who  has  previously 
eaten  his  breakfast,  is  placed  inside,  and  the  precaution  is  taken  to  seal 
the  chamber  again  as  rapidly  as  possible.  An  electric  fan  keeps  the 
current  of  air  in  constant  motion,  and  the  subject  sits  in  the  swinging 
chair,  which  is  suspended  at  such  a  height  that  bis  feet  can  rest  on  the 
floor  of  the  chamber.  At  the  moment  of  weighing  the  subject  places 
his  feet  on  a  footrest  attached  to  the  chair  and  takes,  special  precautions 
to  see  that  the  chair  does  not  touch  the  walls  of  the  chamber  at  any 
point  and  that  no  wires  or  connections  are  in  contact  with  his  body  or 
with  any  part  of  the  weighing  apparatus.  The  chair  is  then  lowered  by 
means  of  the  pneumatic  lift,  and  the  weighing  is  carried  out  as  pre- 
viously described.  During  the  actual  experimental  period  of  weighing 
the  ventilating  ur  ciurent  is  stopped,  so  that  there  is  no  imdue  tension 
on  the  rubber  diaphragm  which  might  vitiate  the  accuracy  of  the  weigh- 
ing. During  the  experiment  the  subject  is  cautioned  to  ^t  as  quietly  as 
possible  and  to  spend  most  of  the  time  reading.  Every  five  minutes  he 
presses  a  button  which  rings  a  bell  on  the  out^de  to  indicate  that  he  is 
awake.  At  five  minutes  before  the  end  of  each  period  he  is  signalled 
and  told  to  sit  quietly  with  his  hands  in  his  lap  and  with  as  few  muscular 
movements  as  possible  until  the  end  of  the  period,  this  being  essential 
for  the  most  accurate  oxygen  determination  by  the  direct  method. 

As  would  be  expected,  but  little  difificulty  is  experienced  in  obtaining 
concordant  results  between  the  direct  and  indirect  determinations  of 
the  oxygen  consumption  for  periods  of  several  hours'  duration,  but 
since  the  amoimt  of  oxygen  consumed  by  man  is  ordinarily  only  about 
25  gm.  per  hour,  it  is  obvious  that  for  the  most  accurate  results  very 
delicate  manipulation  is  necessary  to  secure  the  direct  or  indirect  de- 
termination of  oxygen  within  0.2  or  0.3  gm.  Several  preliminary  ex- 
periments show  that  for  periods  of  four  or  five  hours'  duration  the  direct 
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and  indirect  determinations  ol  oxygen  agree  perfectly.  The  technique 
has  finally  been  so  perfected  that  experiments  of  one-hour  periods  may 
also  be  made  in  which  the  direct  and  indirect  determinations  agree 
satisfactorily.  The  results  of  two  such  experiments  are  given  herewith 
in  Tables  I  and  II.  The  agreement  between  the  direct  and  indirect 
oxygen  determinations  in  these  experiments  is  all  that  could  be  desired, 


compasison  of  the  direct  and  indirect  determinations  07  ojcygen. 
Metabousm  Exfesihent,  Jan.  28,  1910. 


P^ 

dioxide 
elimiitated. 

Water 
vaporized. 

Loss  in 

l>ody-wt. 
(Calculafd 
to  60  min) 

(d) 
Oxygen 

i:onsumed 
(indirect  d«- 

(a  +  b)-c 

(e) 

Oxygen 

consumed 
(direct  de- 

termina'n). 

(f) 
Ratio  of  indi- 
rect determin- 
ation to  direct 
determinat'n. 

Krat  .   . 
Second  . 
Third     . 
Fourth  , 
Fifth  .  . 

30,70 
30.14 
28.75 
26.41 
26.93 

37.79 
38J2 
36.52 
35,98 
33.46 

42.8 
43.7 
41.0 
39.0 
37.3 

25.7 
24.8 
24.2 
23.4 
23.1 

25.5 
.5.1 
24.3 
22.0 
24.5 

100.8 
98.8 
100.0 
106.4' 
94.3' 

Total     . 

142.93 

182.07 

203.8 

121.2 

121.4 

99.9 

'  Obviously  a  compensation. 

particularly  when  the  relatively  small  quantities  involved  and  the  diffi- 
culties of  determining  the  oxygen  indirectly  are  taken  into  considera- 
tion, namely,  the  difficulties  in  assuming  absolute  values  for  carbon 
dioxide,  water  vapor,  and  losses  in  body  weight. 

It  is  of  interest,  however,  to  note  that  in  some  of  the  unpublished  ex- 
periments it  was  shown  that  in  some  instances  where  there  was  a  dis- 
agreement between  the  direct  and  indirect  determinations  for  short 
periods  the  evidence  indicated  the  greater  accuracy  with  the  indirect 
method.  This  evidence  is  obtained  from  an  examination  of  the  respira- 
tory quotients.  On  a  given  diet  or  when  the  subject  had  no  food,  the 
respiratory  quotient  followed  usually  a  fairly  regular  course  from  hour 
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to  hour.  Consequently  it  was  possible  to  estimate  where  the  discrepan- 
cies occurred,  and  whether  they  were  due  to  the  determination  of  the 
oxygen  consumption  by  the  direct  or  indirect  methods. 

This  series  of  experiments  has  a  particular  value  in  that  it  substan- 
tiates in  a  striking  way  the  accuracy  of  the  direct  determination  of 
oxygen  as  made  by  this  apparatus.    A  critical  examination  of  the  analyt- 

TABLE  n. 

COMPAKISON   OF   DUZCT    AND    INDIKECT    DETEMIINATKINS   OF   OxVOEN. 

Metabolism  Exfekiment,  Jan.  31,  1910. 


Period. 

(>) 

Carbon 
dioxide 
eUminsled. 

Water 
v.pori«d. 

(c) 

Loss  in 
body-wt. 
(cakulaied 
to  60  miD). 

W 
Oxygen 
consumed 
(indirect  de- 
tenninat'n). 
Ca  +  6)-. 

Oxygen 
consumed 

(direct  de- 
tcnninafn). 

(0 

Ratio  of  indi- 
rect determin- 
ation to  direct 
detcnninai'n. 

First'.   . 
Second  . 
Third     . 
Fourth  . 
Fifth.   . 
Sixth.   . 

27.2 
32.3 
34.8 
31.0 
2S.S 
263 

33.7 
33.9 
33.2 

31.2 
29.4 

38.1 
42.4 
41.3 
39.0 
3S.7 
3S.0 

22.8 
23.8 
26.7 
26.4 
21.0 
20.7 

23.4 
25.0 
25.4 
26.0 
20.9 
22.0 

97.4' 
95.2 
105.1 
101,5 
100.5 
94.1 

Total     . 

177.1 

195.8 

231.S 

141.4 

142.7 

99.1 

ical  scheme  shows  that  when  carbon  dioxide  is  developed  inside  the 
chamber  with  the  closed  circuit  of  ventilation,  it  is  practically  impossible 
for  carbon  dioxide  to  escape  from  the  chamber  or  for  material  amounts 
of  carbon  dioxide  to  enter  the  chamber  from  the  room  air.  Consequently 
we  have  every  reason  to  believe  that  the  carbon  dioxide  determinations 
are  unusually  accurate.  This  is  furthermore  dearly  shown  by  the  evi- 
dence in  the  preceding  paper."* 

The  difficulties  involved  in  determining  the  amount  of  water  vapor- 
ized have  been  pointed  out  in  this  and  in  the  preceding  paper.    At 
present  many  experimental  conditions  are  so  adjusted  as  to  preclude 
any  material  change  in  the  water  vaporized  from  the  walls  or  from  the 
'*  Benedict,  Ricke,  and  Ehmes:  Loc.  cU. 
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apparatus  inside  the  chamber.  The  water  determinations  in  the  alcohol 
check  experiments  are  very  satisfactory,  and  we  believe  that  the  same 
may  hold  true  for  experiments  with  man  where  special  precautions  are 
taken  to  avoid  the  vaporization  of  moisture  from  the  material  inside 
the  chamber. 

On  the  other  hand,  a  slight  leak  in  any  portion  of  the  apparatus  may 
cause  a  serious  disturbance  in  the  direct  determination  of  the  oxygen 
consumption.  Usually  the  conditions  of  pressure  are  such  throughout 
different  portions  of  the  system  that  a  leak  results  in  a  loss  of  air  from 
the  confined  volume  of  the  air  current.  Under  these  conditions  a  lai^er 
amount  of  oxygen  would  have  to  be  admitted  from  the  oxygen  supply, 
and  consequently  there  would  be  an  apparent  increase  in  the  oxygen 
consumption. 

With  regard  to  the  chamber  itself  the  possibilities  of  a  leak  can  be 
tested  with  great  ease,  and  this  is  done  before  and  after  each  experiment. 
The  tension  on  the  chamber  is  practically  nothing,  even  the  most  deli- 
cate manometer  indicating  but  a  small  fraction  of  a  millimetre  of  water. 
On  the  other  hand,  in  the  purifying  system  a  pressure  amounting  to 
some  20-30  mm.  of  mercury  is  required  to  force  the  air  through  the 
purifying  system.  If  a  leak  occurs  here,  there  will  be  a  noticeable  loss 
of  air,  and  an  excess  of  oxygen  must  be  admitted.  Fortunately  this 
portion  of  the  apparatus  can  also  be  tested  with  great  exactness  by  a 
delicate  water  manometer. 

It  is  apparent,  therefore,  from  the  results  of  the  alcohol  check  ex- 
periments and  particularly  from  the  results  of  the  determinations  of 
oxygen  by  both  the  direct  and  the  indirect  methods,  that  the  direct  de- 
termination of  oxygen  with  this  apparatus  is  accurate,  and  that  ex- 
periments on  man  can  be  made  in  which  the  direct  determination  of 
oxygen  is  fully  substantiated  by  the  indirect  determination.  Personal 
experience  would  indicate  that  the  errors  involved  in  the  indirect  de- 
termination of  oxygen  are  such  as  to  preclude  its  use  under  conditions 
that  ordinarily  obtain  in  even  the  most  perfect  forms  of  respiration 
apparatus,  and  that  accurate  determinations  of  the  oxygen  consumption 
of  man  are  practicable  only  by  means  of  the  direct  method. 

While  a  number  of  years  ago  the  close  agreement  between  the  direct 
and  indirect  determinations  of  oxygen  shown  in  these  experiments 
would  have  been  of  value  as  an  indication  that  no  demonstrable  quanti- 
ties of  nitrogen  were  diminated  as  such  from  the  body  of  man,  in  the 
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light  of  the  recent  brilliant  research  of  Krogh,"  it  is  unnecessary  to  more 
than  point  out  the  significance  of  this  agreement  in  experiments  on  man 
as  substantiating  the  results  of  Krogh  when  experimenting  on  small 
animals. 

"  KsOGB:  Skandinavisches  Archiv  fUr  Phyaolope,  1906,  xviii,  p.  364. 
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THE  MECHANISM  OF  THE  DEPRESSOR  ACTION  OF 
DOG'S  URINE,'  WITH  SOME  OBSERVATIONS  ON 
THE  ANTAGONISTIC  ACTION  OF  ADRENALIN. 

By  RICHARD  M.   PEARCE  and  ARTHUR  B.   EISENBREY. 
[From  the  Carnegie  Laboratory  of  New  York  Univtrsity.] 

T?  LSEWHERE '  one  of  us  has  described  the  depressor  action  of 


E^ 


dog's  urine  and  shown  that  the  depressor  effect  of  extracts  of  the 


dog's  kidney  is  due  to  the  urine  retained  in  the  extract,  and  also  that 
in  those  forms  of  experimental  acute  nephritis  characterized  by  exten- 
sive tubular  destruction  the  depressor  substance  may  disappear  from 
the  urine. 

The  present  investigation  was  undertaken  for  the  purpose  of  deter- 
mining, if  possible,  by  physiological  and  pharmacological  methods, 
the  mechanism  of  the  lowered  pressure.  All  experiments  have  been 
made  on  dogs  under  complete  ether  anesthesia.  The  blood  pressure 
has  been  taken  from  the  left  femoral  artery  by  means  of  a  mercury 
manometer.  Magnesium  sulphate  was  used  in  most  of  the  experiments 
as  a  wash  solution  for  tubes  and  cannulas,  but  in  the  later  work,  at  the 
suggestion  of  Dr.  S.  J.  Mcltzer,  sodium  citrate  was  substituted  in  order 
to  avoid  any  possible  depressor  influence  from  the  accidental  introduc- 
tion of  the  magnesium  solution.  All  injections  were  made,  with  due 
regard  to  temperature  and  speed,  into  the  right  femoral  vein.  Onco- 
metric  studies  of  spleen,  kidney,  and  intestine  were  made  with  the  aid 
of  gutta-percha  capsules  connected  with  bellows  recorders.'  Changes 
in  brwn  volume  were  recorded  by  means  of  a  brass  cylinder  penetrating 
into  the  cranial  cavity,  changes  in  a  limb  by  the  plethysmograph,  and 

'  Aided  by  a.  grant  from  the  Rockefeller  Institute  for  Medical  Research. 

'  Peakce,  R.  M.  :  Journal  of  experimental  medicine,  1909,  xi,  p.  450;  ibid.,  1910, 
jtii,  No.  a. 

*  These  were  modifications  of  the  gutta-percha  spleen  box  first  described  by 
SchXfes.  See  Schafer,  E.  A.,  and  Moore,  B.,  Journal  of  physiology,  1896,  xx,  p.  i. 
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those  in  the  large  veins  of  the  abdomen  by  a  cannula  inserted  into  one 
of  the  common  iliac  veins  and  projecting  into  the  inferior  vena  cava. 
The  latter  was  connected  with  a  water  manometer.  In  many  instances 
simultaneous  records  of  changes  in  arterial  pressure,  venous  pressure, 
and  volume  of  spleen,  kidney,  and  intestine  were  taken  on  the  same 
drum,  as  also  were  various  combinations  of  these  with  records  of  respira- 
tion and  changes  in  the  volume  of  the  brain  and  leg. 

The  amount  of  urine  injected  was  uniformly  3  c.c.  The  fall  in  pres- 
sure which  results  is  usually  from  40  to  70  mm.  Hg  with  extremes  of 
20  to  90  mm.  It  comes  on  abruptly  withm  ten  to  fifteen  seconds  after 
injection  and  returns  rapidly  to  normal,  frequently  within  one  to  two 
minutes  and  always  within  three  to  four  minutes.  The  descent  is  ex- 
ceedingly rapid,  the  tracing  with  drum  travelling  8  cm.  per  minute, 
sometimes  being  almost  vertical,  and  the  lowest  level  is  reached  in  five 
to  ten  seconds.  At  other  times  the  curve  forms  an  almost  perfect  half 
circle  except  for  a  slight  lengthening  of  the  return  limb. 

During  the  fall  the  respiration  becomes  slightly  more  rapid  and 
deeper,  but  without  irregularity.  The  pulse  rate  is  usually  not  altered, 
but  occasionally  a  slight  quickening  is  seen.  Tiie  amplitude  of  the 
excursion  is  slightly  lessened  during  the  downward  course  and  slightly 
increased  during  the  upward  course  of  the  pressure  cur\e. 

Oncometric  studies  show  that  corresponding  to  the  fall  in  arterial 
pressure  the  kidney,  spleen,  and  intestine  are  greatly  diminished  in 
volume,  but  all  return  rapidly  to  normal  as  the  blood  pressure  regains 
its  original  leveL  In  the  brain  and  leg  a  very  slight  decrease  in  volume 
and  in  the  vena  cava,  simultaneously,  a  barely  perceptible  increase  in 
pressure  are  seen. 

Physiological  experiments  in  which  the  va^,  the  cer\ical  sympathetic 
nerves,  the  cord,  and  the  splanchnic  nerves  have  been  cut,  either  »n^y 
or  in  various  combinations,  fail  to  prevent  the  fall  in  pressure.  In  these 
experiments  the  cord  was  cut  between  the  first  and  second  cervical 
vertebne;  and  the  vagi  and  sympathetics  high  in  the  neck.  The  splanch- 
nics  were  cut  on  both  sides,  and  in  some  experiments  the  cceliac  ganglia 
and  solar  plexus  were  freely  dissected  and  destroyed.  After  section  of 
the  cord  and  splanchnics  the  return  to  previous  level  is  slow ;  the  per- 
centile fall  in  pressure  is,  however,  always  as  great  as  the  normal  fall; 
the  absolute  fall,  on  accoimt  of  the  lowered  pressure  level,  naturally 
being  less. 
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As  the  result  of  such  experiments,  it  appeared  that  the  depressor 
effect  must  be  the  result  of  an  action  on  the  nerve  endings  in  the  vessels 
or  on  the  vessel  muscle  itself.  Physiological  and  pharmacological  ex- 
periments imdertaken  for  the  study  of  this  point  have  given  interesting 
results. 

The  question  of  the  mode  of  action  of  various  substances  on  the 
□euro-muscular  apparatus  of  blood  vessels  is  not  at  all  clear.  The 
most  conduave  experiments  are  those.of  Dixon,*  and  Brodie  and  Dixon  ' 
with  apocodeine.  This  substance,  when  given  in  very  large  doses, 
paralyzes  vasomotor  nerve  endings.  "When  this  action  is  complete, 
pilocarpin,  physostigmin,  and  adrenalin  have  no  effect  on  the  blood 
vessels  or  blood  pressure,  whilst  barium  and  digitalis  will  still  constrict 
the  blood  vessels  and  rsuse  the  blood  pressure ;  the  effect  of  digitalis  is, 
however,  considerably  diminished.  The  former  three  drugs,  therefore, 
act  on  nerve  endings,  and  the  latter  two  directly  on  muscle." 

If  these  conclusions  are  correct,  one  would  expect  dog's  urine,  if  it 
acts  on  the  nerve  endings,  to  cause  no  fall  in  pressure  in  an  animal 
poisoned  with  apocodeine.  If  it  acts  on  the  muscle,  a  fall  should  result 
similar  to  that  caus^  by  nitrite,  which,  as  Brodie  and  Dixon  have 
shown,  acts  also  on  muscle,  even  when  the  pressure  is  lowered  by  apoco- 
deine. We  have  therefore  administered  apocodeine  (Merck)  as  a  i  per 
cent  solution  in  an  0.85  per  cent  salt  solution,  in  amounts  which  would 
be  expected  to  abolish  the  adrenalin  reaction.  In  the  accomplishment 
of  the  latter  we  have  never  been  entirely  successful,  but  have  been  able 
to  limit  the  adrenalin  reaction  to  a  rise  of  only  a  few  milimetres,  possi- 
bly to  be  explained  on  mechanical  grounds.  The  following  experiment 
is  illustrative: 

Dog  23,  weighing  4500  gm.,  under  ether  anesthesia,  received  six  in- 
jections of  I  per  cent  apocodeine  during  a  period  of  eighty  minutes. 
At  the  end  of  this  time  55  c.c.  had  been  injected,  and  with  a  pressure 
of  34  mm.  Hg,  the  intravenous  injection  of  2  drops  of  adrenalin  caused 
a  rise  in  pressure  of  only  6  mm.  Ug;  3  c.c.  of  dog's  urine  produced  no 
depressor  effect ;  i  c.c.  of  i  per  cent  barium  chloride  a  rise  of  28  mm. ; 
I  C.C.  of  I  per  cent  nitroglycerin,  a  fall  of  16  mm.  These  results  are  in 
accord  with  those  of  Dixon,  and  appear  to  demonstrate  conclusively 
that  dog's  urine  acts  on  the  vasomotor  nerve  endings.    It  may  also  be 

*  Dixon,  W.  E.  :  JoumaJ  of  physiology,  1903,  )cxx,  p,  97. 

*  Bbodie,  T.  S.,  and  Ddcon,  W.  E.  :  journal  of  physiology,  1904,  zxz,  p.  476. 
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pointed  out  that  the  fall  in  pressure  due  to  apocodeine  closely  resembles 
that  caused  by  dog's  urine ;  they  differ  only  in  that  the  former  is  more  or 
less  permanent  and  the  latter  transient. 

We  have  also  made  pharmacological  experiments  which  have  had 
for  their  object  the  study  of  the  antagonism  between  the  action,  on  the 
one  hand,  of  urine  and,  on  the  other,  of  adrenalin  and  of  barium. 

If  to  3  c.c.  of  dog's  urine  are  added  2  drops  of  adrenalin,  the  injection 
causes  in  an  intact  animal  either  an  immediate  sharp  fall  in  pressure 
followed  by  a  moderate  rise,  or  an  abrupt  but  slight  rise  followed  by  a 
fall  and  a  slight  secondary  rise.  In  the  first  instance  the  fall  in  pressure 
is  similar  to  that  due  to  urine  alone,  but  before  it  reaches  its  low  level 
the  vagus  action  of  adrenalin  is  evident,  and  although  the  fall  may  con- 
tinue, it  seldom  reaches  the  low  level  usually  caused  by  urine  alone  and 
the  pressure  rises  sharply  to  above  the  normal  and  there  remains  for 
some  minutes.  The  rise  of  adrenalin,  however,  under  these  cireum- 
stances  is  never  as  great  as  that  of  adrenalin  given  alone.  In  the  second 
instance  both  the  primary  and  secondary  rises  as  well  as  the  interme- 
diate drop  are  less  than  the  effect  of  urine  or  adrenalin  given  alone. 
Rarely  it  has  been  foimd  that  a  urine  of  marked  depressor  power  may 
cause  a  fall  in  pressure  entirely  obscuring  the  effect  of  adrenalin.  On 
the  other  hand,  in  animals  with  spinal  cord,  vagi,  and  splanchnics 
severed,  the  adrenalin  rise  may  sometimes  obscure  the  urine  fall,  though 
the  urine  alone  causes  a  typical  fall. 

It  is  not  feasible  to  give  barium  chloride  and  urine  together  because 
of  the  precipitation  of  the  urinary  salts,  but  3  c.c.  of  urine  given  at  the 
height  of  the  rise  due  to  barium  (i  c.c.  i  per  cent  solution)  always  cause 
an  abrupt  and  marked  fall  in  pressure,  with,  however,  an  equally  abrupt 
return  to  the  previous  level.  These  observations  indicate  not  only  a 
sharp  antagonism  between  the  action  of  urine  on  the  one  hand  and 
barium  and  adrenalin  on  the  other,  but  also  that  the  action  of  urine  is 
more  powerful  in  the  doses  used,  and  can,  during  its  transient  action, 
overcome  the  action  of  the  constrictor  substances.  These  results  sup- 
plement those  with  apocodeine,  and  appear  to  prove  conclusively  that 
the  urine  acts  on  the  same  structures  as  do  adrenalin  and  apocodeine, 
that  is,  on  the  vaso-motor  nerve  endings.  The  two  types  of  reaction 
caused  by  injecting  urine  and  adrenalin  simultaneously  can  be  explained 
by  assuming  that  in  some  instances  the  urine  produces  its  effect  on  the 
nerve  endings  first  and  in  the  others  the  adrenalin  effect  occurs  first. 


Digitized  byGoOgIC 


30        Richard  M.  Pearce  and  Arthur  B.  Eisenhrey. 

As,  however,  both  substances  act  transiently,  each  produces  its  effect 
after  the  influence  of  the  other  has  been  exhausted. 

The  action  of  urine  during  the  barium  rise  may  be  explained  as  a 
temporary  abolishment  of  the  tonic  contraction  exerted  through  the 
nerve  endings.  As  this  is  transient,  the  tonic  condition  plus  the  barium 
effect  is  soon  resumed.  Similarly  may  be  explained  the  depressor  effect 
of  unne  injected  during  the  rise  in  pressure  due  to  continuous  electrical 
stimulation  of  the  splanchnic  nerves.  The  depressor  action  of  dog's 
urine  may  therefore  become  of  some  practical  importance  in  physio- 
logical and  pharmacological  work.  As  it  acts  in  a  directly  opposite 
manner  to  adrenalin  but  on  the  same  structures,  and  like  adrenalin  is 
transient  in  its  effect  and  without  secondary  influence  on  the  circulation, 
it  may  be  used  therefore  to  cause  abrupt  transient  lowering  of  pressure 
as  adrenalin  is  used  to  cause  a  similar  rise  in  pressure. 

Summary. 

The  intravenous  injection  of  dog's  urine  into  the  dog  causes  an  abrupt 
but  transient  lowering  of  blood  pressure,  varying  from  20  to  90  mm.  Hg 
(usually  40  to  70),  not  accompanied  by  disturbance  of  heart  action  and 
with  little  respiratory  disturbance.  Section  of  the  spinal  cord,  vagi, 
cervical  sympathetic  and  splanchnic  nerves,  and  destruction  of  cceliac 
ganglia  and  solar  plexus  individually  or  collectively  do  not  abolish 
the  depressor  action.  Physiological  and  pharmacological  experiments 
based  on  Dixon's  studies  of  the  action  of  apocodeine  show  that  when 
the  nerve  endings  are  so  paralyzed  by  apocodeine  that  adrenalin  causes 
little  or  no  reaction,  the  urine  also  has  no  effect.  Likewise,  in  normal 
animals,  and  those  with  central  vasomotor  influence  eliminated,  the 
action  of  urine  is  antagonistic  to  that  of  adrenalin  and  barium,  and 
during  the  increased  pressure  due  to  electrical  stimulation  of  the  nerves 
of  the  splanchnic  area,  the  urine  causes  a  fall  in  pressure. 

From  these  observations  it  is  concluded  that  the  urine  lowers  pressure 
through  its  paralyzing  effect  on  the  endings  of  the  vasomotor  nerves. 

Dog's  urine  in  doses  of  3  c.c.  given  intravenously  may  be  used  in 
physiological  and  pharmacological  experiments  to  produce  an  abrupt 
and  marked  but  transient  fall  in  pressure  with  no  secondarj-  effect,  in 
the  same  way  that  adrenalin  is  used  to  produce  a  corresponding  rise  in 
pressure. 
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The  physiological  antagonism  between  urine  and  adrenalin,  which 
evidently  act  on  the  same  anatomical  structures,  suggests  the  possibility 
that  the  depressor  substance  of  urine  represents  a  body  which  previous 
to  its  elimination  may  have  a  regulatory  influence  on  the  circulation 
directly  opposed  to  that  of  the  secretion  of  the  adrenal  gland. 
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L  IxTsor>ccnos. 

'  I  'if E  TLS^  p:^T<ee  m  ttus  work,  which  b  a  coE:fn:a3oo  of  the 
*-  ir  xitri  CO  :i«  phyaciogr  of  h-mia.  was  :o  deicrrciae  wheiber 
ti-jT  ^r«.«u:tr  f-^  0"*  r-ipo%ed  ictemal  secrttwcs  <A  ;se  ivroid  paratby- 
T'JA  ^.xz/:  c^r^aei  can  be  denxmstrated  in  :be  hinph  costing  from 
•.-j-rwr  &a&li.  Tae  commonly  accepted  view  to-day  appears  to  be  that 
■.-Jt  v.}7'-->i  ifccretions  reach  the  blood  through  the  gland  lymphatics, 
■X :~jh  '^jt^zH  ii  n^xhing  known  specincaDy  as  regards  the  couise  takoi  by 
:.-*  ;Arai?.;.To-/i  secretioas. 

I-  A:  ;>*  -.•«>'  o-j tiet  we  are  osnfronted  by  the  dimoJty  of  tdoitifica- 
Ox.  'A  "Iv:  •s.-rz'y.A  secretioos.  There  appeals  lo  be  consderaMe  sup- 
yx:  ifK  VA  \~jiv  LKai  the  secretion  b  an  iodized  protein  consdtuoit  of 
•jjf.  i^A  u^-JA.  B-:  this  theon-  cannot  be  considered  proved,  because 
>,i  ".-J*  tact  :r.ai  mrm  if  not  all  of  the  physiological  actions  of  this  th>-r(»d 
^//^,.".Ti  are  cUr^lr  paralleled  by  many  other  iodine  compomids,  or- 
HAr.'y,  vA  ■.rj'jT%3iiic  The  difference  in  the  degree  of  actitni  of  the 
vir//-.*  y^.'.rj:  compounds  may  be  due  solely  to  %-arialions  in  rate  of 
vfit/r/'/xi  arA  of  elimination  of  the  iodine  in  the  different  combinations. 
Tr^r=*  'jrt-':  '.'/I '.hynA'i  secretions  may  therefore  amply  be  tests  for  iodine. 
ft.T  '^Tf-*^.'.  exj^rrlments  were,  however,  undertaken  mainly  on  the  as- 
»,  ,.T.;-'>-n  that  the  th>Toid  globulin  is  the  phy^ologically  important 
v:f.cf'.'in  'A  the  ^and. 

2,  1  rj:  tjtV.'.KTC.s  of  the  ^and  follicles  are,  of  course,  a  product  of  the 
(iif,'!  *>:I1-,;  ar.d  in  that  sense  the  ci^id,  when  present,  is  obvioudy 
an  '.T.'i:mil  v.T,r<,''ion,  or  a  degeneratitni  product  of  the  gland.  But  it 
d'/.-^  iv/.  {'Xvrti  from  this  that  the  colloid  or  any  of  the  constituents  of 
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the  colloid  constitute  the  physiologically  important  secretions.  So  far 
as  we  know  the  colloid  has  never  been  isolated  from  the  gland  cells  in 
sufficient  quantity  for  chemical  and  physiological  tests.  Nevertheless, 
attempts  have  been  made  to  determine  the  colloid  factor  by  compara- 
tive chemical  and  physiological  tests  of  glands  rich  in  colloid  and 
glands  free  from  visible  colloid,  but  at  most  the  difference  obtained  has 
been  only  one  of  degree,  and  we  must,  moreover,  reckon  with  possible 
variations  in  the  cell  content  of  glands  under  different  physiological 
conditions.  Some  work  of  Oswald '  seemed  to  show  that  the  iodized 
protein  is  con&ned  mainly,  if  not  wholly,  to  the  colloid  in  the  follicles. 
He  states  that  no  iodine  can  be  detected  in  calf  thjToids  free  from  col- 
loid, and  that  the  iodine  percentage  is  proportional  to  the  quantity  of 
the  colloid  in  the  gland.  He  admits,  however,  that  thyroid  globulin  can 
be  obtained  from  iodine  free  glands.  This  attempt  of  Oswald  to  con- 
fine the  iodized  thyroid  protein  to  the  colloid  has  not  been  supported 
by  the  later  workers.  Thus  Marine  and  Williams '  and  Marine  and 
Lenhart  *  find  that  the  iodine  percentage  is  greater  in  normal  glands 
than  in  colloid  goitres  rich  in  colloid,  and  that  iodine  is  present  in  glands 
—  but  in  smaller  percentage  —  free  from  colloid.  It  is  obvious  that 
the  iodine,  if  present  in  the  follicle  colloid,  must  pass  through  the  gland 
cells  to  get  there,  and  that  the  iodine  must  therefore  be  present  in  the 
cells  themselves.  We  might  recall  in  this  connection  the  supposed  find- 
ing of  colloid  within  the  cells  themselves  (Langendorff,  Hurthle,  and 
others),  although  these  observations  are  strongly  questioned  by  the 
more  recent  works  of  Lewandowsky,  Lobenhoffer,  and  others.  In 
brief,  the  proofs  of  the  hypothesis  that  the  follicle  colloid  constitutes  or 
contains  the  physiologically  important  secretion  of  the  gland  are  still 
lacking. 

3.  But  assuming  that  the  colloid  constitutes  or  contains  fhe  phy^o- 
iogically  important  secretion  of  the  gland,  the  common  view  that  these 
secretions  reach  the  blood  by  way  of  the  lymph  stream  rather  than 
directly  through  the  blood  capillaries  appears  to  be  founded  on  the 
following  observations: 

'  Oswaid:  Zeitschrifl  tlir  pb)-sio!ogische  Cbemie,  1897,  rriii,  p.  265;  nxii,  p.  14; 

Beitrlge  lur  physiologischen  Chemie,  tgoa,  ii,  p.  545. 

'  Makine  &nd  Williams:  Archives  of  internal  medidne,  1908,  i,  p.  358, 

*  Marine  and  Lenhaet:   Archives  of  internal  medidne,  1909,  iii,  p.  66;  iv, 

p.  440. 
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(i)  The  early  histological  studies,  especially  of  Baber,*  Biondi,* 
Langendorff,*  and  HQrthle,'  appear  to  have  established  the  fact  that 
the  secretory  acini  in  the  thyroid  are  surrounded  by  a  rich  network  of 
lymph  spaces  or  capillaries,  and  that  these  lymph  spaces  and  even  the 
larger  collecting  channels  are  frequently  filled  with  a  colloidal  substance, 
apparently  identical  with  that  within  the  follicles  of  the  gland.  That 
the  two  colloids  were  similar  in  structure  and  composition  seemed  to  be 
indicated  by  their  reactions  to  st£uns  and  other  reagents.  Two  methods 
of  passage  of  the  intrafollicular  colloid  into  the  lymph  capillaries  have 
been  suggested.  According  to  Biondi  and  Langendorff  the  cells  in 
certain  regions  of  the  acini  become  progressively  flattened,  and  then 
they  undergo  colloidal  degeneration  in  lolo,  with  the  result  that  the 
follicle  space  is  fused  with  the  lymph  space.  Langendorff  is  not  certain 
that  this  is  the  only  mechanism  of  transfer  of  the  follicle  colloid  into  the 
lymphatics,  {2)  HQrthle  accepts  this  method  of  colloidal  degeneration 
and  rupture  of  the  walls  of  the  foUicles,  but  he  endeavors  in  addition  to 
demonstrate  the  existence  of  minute  canals  between  the  follicular  cells 
by  injection  methods;  and  he  appears  to  look  upon  these  canaliculi  as 
the  ordinary  avenues  of  the  colloid  transfer. 

We  think  that  but  little  importance  can  be  placed  on  the  injection 
experiments,  as  slight  tension  will  make  passages  through  delicate  but 
continuous  membranes.  Furthermore,  the  fusion  of  follicles  and  lymph 
spaces  may  be  artifacts,  pure  and  simple,  especially  in  view  of  the  fact 
that  Hiirthle  describes  as  of  frequent  occurrence  the  presence  of  ery- 
throcytes and  leucocytes  within  the  follicles.  The  latter  condition  is 
certainly  due  to  rupture  and  disfJacements,  Lewandowsky,'  working 
■  with  microchemical  methods  on  the  glands  of  a  number  of  mammals, 
rejects  the  view  that  the  colloid  passes  from  the  follicles  into  the  lymph 
spaces.  He  holds  that  the  colloid  state  is  due  to  a  gradual  change  in  the 
condition  of  the  protein  solution  after  it  has  left  the  secreting  cells,  and 
that  the  secretion  may  similarly  be  transformed  into  colloid  in  the  lymph 
spices.    Lobenhoffer  *  holds  that  the  acidophile  granules  in  the  thyroid 

*  Baser:  Philosophical  transactions,  18S1,  clm'i,  B,  p.  557. 

*  BiONDi:  Berliner  klinische  Wochenachrift,  1888  (No.  47). 

*  Langeniwrff  :  Archiv  fUr  Physiologic,  1SS9,  Suppl.  p.  119. 

'  HObtble:  Archiv  fUr  die  gesammte  Physiologie,  1S94,  tvi,  p.  i. 

*  Lewandowskv:  IntemaXionale  Beitr&ge  zur  inneren  Medizin,  1903,  ii,  p.  387. 

*  Lobenhopfeb:  Miiieilungen  aus  den  Grenzjebietender  Medizin  und  Chirurgie, 
1909,  XX,  p.  6sa 
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cells  differ  from  the  colloid  microchemically,  but  on  being  extended  from 
the  ceUs  they  are  gradually  converted  to  colloid. 

The  colloid,  once  in  the  tissue  spaces,  may  enter  the  blood  directly 
through  the  capillary  wall,  or  indirectly  by  being  absorbed  by  the  lym- 
phatic capillaries.  Home  '•  described  colloid  in  the  veins  of  goitrous 
glands,  but  Hiirthle's  criticism  renders  this  observation  doubtful. 

That  the  colloid  may,  however,  under  certain  conditions  leave  the 
follicles  —  probably  by  resolution  and  absorption  into  the  gland  cells  — 
is  evident  from  the  fact  that  normal  gland  as  well  as  colloid  goitres  may 
pass  into  active  thyroid  hyperplasia  free  from  visible  colloid. 

II.  LvMPH  Production  in  the  Thyroid. 
I.  Lrmph  production  is  normal  thyroids.  —  Our  work  ha.s  been 
done  on  dogs,  cats,  and  foxes,  the  major  part  being  confined  to  the  dog. 
In  these  animals  the  main  lymphatics  leave  the  upper  pole  of  the  thyroid 
gland  in  close  proximity  to  the  superior  thyroid  veins,  and  join  the  main 
neck  lymphatics  on  either  side.  Smaller  lymphatics  may  leave  the 
gland  at  the  inferior  pole  —  and  more  rarely  in  the  middle  region  —  to 
join  the  neck  lymphatics  further  down.  This  relation  of  the  thyroid 
lymphatics  applies  also  to  all  forms  of  goitres  in  these  animals,  the  only 
difference  being  the  great  enlai^ement  of  the  lymphatics  in  the  latter 
conditions.  In  consequence  of  this  relation  of  the  thyroid  lymphatics 
to  the  main  neck  lymphatics  all  the  thyroid  lymph  secreted  for  a  certain 
period  may  be  collected  or  eliminated  from  the  animal  by  placing  can- 
nulas in  the  main  neck  lymphatics  below  the  point  of  entrance  of  the 
thyroid  branches.  This  is  of  importance  because  of  the  fact  that  in  all 
normal  thyroids  the  gland  lymphatics  themselves  are  too  small  for  direct 
experimentation. 

.  In  the  case  of  normal  thyroids  of  these  mammals  the  gland  lymphatics 
are  very  small,  smaller  than  from  salivary  glands  of  corresponding  size. 
The  rate  of  lymph  production  in  such  normal  glands  may  be  esti- 
mated by  placing  a  cannula  in  the  main  neck  trunk  and  ligating  all 
the  branches  above  the  thyroid.  This  procedure  practically  stops  the 
flow  of  lymph  even  when  the  thyroids  are  mass^ed  directly.  It  is 
therefore  evident  that  the  rate  of  lymph  production  in  the  normal 
thyroids  is  very  slow,  probaHy  not  exceeding  2  CO.  in  twenty-four  hours. 
^  Hoine:  Journal  of  anatomy  and  physiology,  1893,  zxvii,  p.  i6i. 
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There  is  a  very  obvious  corollary  to  the  above  fact,  namely,  that 
unless  the  future  brings  forth  chemical  or  biolc^cal  tests  of  the  thyroid 
secretions  of  very  much  greater  delicacy  than  our  present  supposed 
tests,  there  is  little  hope  of  demonstrating  the  presence  of  these  secre- 
tions in  the  lymph  of  nonnal  glands  by  direct  experiments,  even  if  the 
secretions  reach  the  blood  by  that  route. 

2.  Lymph  prodiiction  in  goitrvs.  —  (i)  This  work  was  confined  to 
dogs,  as  we  have  never  observed  goitres  either  in  cats  or  foxes.  It  is 
well  known  that  goitre  in  dogs  is  endemic  in  the  region  of  the  Great 
Lakes  of  the  United  States.  Marine  and  Williams  estimate  percentage 
of  goitres  in  dogs  as  high  as  90  in  the  city  of  Cleveland,  Ohio.  We  have 
made  no  accurate  percentage  detennination,  but  if  the  rigid  standard 
adopted  by  these  workers  be  a  criterion  for  normal  thyroids,  the  pro- 
portion of  goitre  in  Chicago  dogs  would  probably  be  as  high  as  in  Cleve- 
land. Certfunly  over  50  per  cent  of  the  dogs  brought  to  our  laboratory 
in  the  course  of  a  year  have  distinct  or  palpable  enlargement  of  the 
thyroids. 

Marine  and  his  co-workers  have  made  extensive  histological  and 
chemical  Studies  of  these  dog  goitres.  They  arrange  them  under  three 
types,  —  colloid,  active  hyperplasia,  and  mixed,  —  and  conclude  that 
there  is  no  essential  difference  in  histological  structure  and  iodine  con- 
tent of  these  types  of  goitres  in  dog  and  man.  We  wish  to  emphasize 
this  conclusion  of  Marine,  in  view  of  the  symptoms  or  rather  absence  . 
of  symptoms  in  these  goitrous  dogs. 

(2)  If  the  histological  structure  and  the  iodine  content  of  the  thyroids 
are  true  indices  of  the  physiological  states  of  the  gland,  and  if  the 
physiological  states  of  the  glands  are  causally  —  direct  or  indirect  — 
related  to  the  symptoms  of  cretinism,  myxedema,  and  exophthalmic 
goitre,  we  ought  to  find  these  symptoms  in  the  goitrous  dogs.  The 
striking  fact  is,  however,  "that  these  goitrous  dogs  are  to  all  appear- 
ance normal"  (Marine),  with  the  exception  of  the  goitre. 

The  absence  of  cretins  among  the  dogs  may  be  due  to  the  failure  of 
survival.  Marine  records  cretin  symptoms  in  five  pups  with  correspond- 
ing thyroid  changes,  the  iodine  test  being  negative.  We  have  so  far  met 
with  only  two  dogs  (both  young)  that  in  stunted  growth  in  form  ("  pot- 
belly") and  intelligence  suggested  cretinism.  The  thyroids  were  en- 
larged, but  the  iodine  tests  in  both  dogs  were  positive.  The  following 
extract  from  the  protocol  of  one  of  these  dogs  may  be  cited ;  Weight, 
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Ota  tkf  iKt^rmaJ  i^ATirrion  *•■  ?V  T'kyv-SJ  t-^t,!     ,1" 

4.5  kg.;  pdae-  ija-njo-  irrea'Jja':  reKxrjavci.  ic-i^;  mv^.l  .>i  'Va- 
roids.  bcfii.  laS  gm..  dried.  J7  gm.;  wcjj  iiv5-.w,  c^  Hyr»-  l'»'"^  '^c* 
pressed  and  stnpod  in  a|>9xamKC    No  iiKycaiiiio  n>J  nsywsif  to*- 

SympHwiw  of  mvicrtciiu  ougfai  lo  Aj>pear  in  ai  kMi$3  «  vvnjtin  ^'<f4- 
cenlage  of  ihe  ooUoid  goancs.  but  ve  haw  nevxr  ohiKtWi)  anx  :l^vi^n- 
dog  that  enn  bj  a  conadenble  sueich  o(  imajpiuiiiva  <\^):Vi.t  be  CA))t\^ 
m\'xedeniatous.  Tbeve  is  do  ob\ious  loss  of  bur.  dry  sfctn.  <ik'}'<n>«»A<iin 
of  the  intdl^EDce.  or  aheralim  of  tbe  ca(UKCU^Y  tissue. 

The  seaich  for  the  srmploiiis  of  exophthalnuc  jjoitrr  i$  equally  fVittk-s 
The  active  hrperpla^  do^  as  defined  by  Marim  exhibit  neither  tAchy 
cardia,  emaciatkm,  nor  nen-ouaiess.  To  be  sure.  unon$  the  sexml 
thousand  do^  obsen-ed  in  the  past  three  wars,  ra$e$  of  enwv'i*!!*^ 
and  irregular  pulse  and  nereousness  ha\T  been  noted,  but  these  npi>e*f 
to  be  as  frequent  in  dogs  without  thxToid  enlargement  a$  in  the  hyper- 
plasia subjects. 

When  the  thyroid  enlargement  is  ver\-  great,  500  to  800  gm.,  we  haxr 
frequently  noted  depression;  and  such  animals  usually  die  easily  imiirr 
anaesthesia.  But  this  may  be  due  in  part  to  mechanical  intertemu'e  wilh 
circulation  and  respiration,  .^d  post  mortem  examination  of  iheM* 
animals  has  in  most  cases  revealed  additional  {wthological  ronililioitii, 
such  as  aneurisms,  dilation  of  the  heart,  tumors,  cirrhosis  of  Ihe  liver, 
arterial  sclerosis,  etc.,  which  undoubtedly  contributed  to  the  MvmpttimN 
of  weakness  and  depression. 

Moreover,  there  is  no  relation  of  the  thyroid  hypcrpla.Hin  to  m'X,  an 
is  the  case  in  exophthalmic  goitre  in  man.  tn  brief,  there  i»  no  cvirtencc 
in  goitrous  dogs  of  either  myxedema  or  exophthalmic  goitre,  npnrl  fnini 
the  thyroid  enlargement.  We  have  not  spoken  of  the  exo|)lilhiiimuit, 
as  the  relation  of  this  symptom  to  Graves  disease  is  obMure.  Anil  In 
our  judgment  it  is  very  difficult  to  decide  on  this  phenomenon  in  i1<i((h, 
as  the  prominence  of  the  eyeballs  varies  in  different  brectii  of  (l(>t(ii. 
But  we  have  not  been  able  to  connect  any  tyix:  of  thyroid  rnlnrgi'rni-nl 
with  exophthalmus.  It  seems  to  us^  therefore,  that  unli-iiK  future  work 
on  these  goitre  dogs  with  strength  tests  and  in  mctalx)likm  Htinll  i-Miib 
lish  some  points  of  contact  with  myxedema  and  exo|>hthalmi(  Ki^ilri- 
'  in  man  be^des  that  of  similarity  in  thyroid  structure,  the  identity  of 
these  goitre  states  in  man  and  dog  is  problematical. 

(3)  Ljinph  production  in  goitres  is  greatly  increased  ovrr  that  in 
the  normal  ^and.    This  is  true  for  all  the  tyjx^i  of  thyroid  hy[xT{Jaitia 
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found  in  dogs.  Marine  and  Williams  state  that  the  size  of  the  gland 
lymphatics  decreases  as  the  gland  passes  from  active  hyperplasia  to 
the  colloid  state.  There  is  no  dear  evidence  of  this  on  the  side  of  rate 
or  volume  of  lymph  output  from  the  gland.  It  is  well  known  that  the 
volume  output  of  lymph  from  the  head  and  neck  region  is  variable, 
depending  among  other  things  on  such  uncontrollable  factors  as  age, 
state  of  nutrition,  etc.  And  allowing  for  such  factors  the  lymph  produc- 
tion in  goitres  seems  to  be  directly  proportional  to  the  size  of  the 
gland,  irrespective  of  the  type  of  goitre.  This  is  also  true  for  cystic 
or  hematomatous  goitres  as  well  as  for  thyroid  tumors  (carcinoma). 

In  our  experiments  the  animal  was  kept  under  light  ether  anxsthesia, 
administered  by  intubation.  It  is  our  experience  that  lymph  production 
in  the  head  and  neck  region  is  diminished  by  anaesthesia  proportional 
to  its  degree.  It  is  therefore  probable  that  the  lymph  flow  from  the 
glands  as  observed  by  us  was  less  than  the  normal. 

The  lymph  issues  from  the  goitres  spontaneously,  but  the  rate  of  flow  is 
greatly  augmented  by  massive  of  the  gland.  When  thus  directly  mas- 
saged goitres  weighing  from  lOo  to  500  gm.  (fresh  tissue)  will  yield  40 
to  60  c.c.  of  lymph  in  the  course  of  two  hours.  Without  massage  only 
about  half  of  that  quantity  is  obtained.  The  largest  quantity  yielded 
by  any  goitre  in  our  experience  was  obtained  from  a  carcinomatous 
thyroid,  one  lobe  of  which  yielded  60  c.c.  in  ninety  minutes. 

The  general  character  of  the  goitre  lymph  is  the  same  as  that  of  the 
common  neck  lymph,  with  the  exception  that  it  is  poorer  in  lympho- 
cytes. In  some  cases  it  appeared  to  be  richer  in  fibrinogen.  In  hema- 
tomatous glands  the  lymph  has  often  a  brownish  color  due  to 
admixture  of  the  hematomatous  fluid.  This  is  in  all  probability  an 
artifact,  due  to  rupture  of  membranes  by  massage  or  during  the  struggle 
attendant  upon  anaesthesia.  Prolonged  massage  of  the  gland  causes 
the  appearance  of  erythrocytes  in  the  lymph;  but  the  same  is  true  of 
massage  of  other  organs. 

While  no  exact  figures  can  be  given  for  the  quantity  of  lymph  pro- 
duced in  twerity-four  hours  in  normal  and  in  goitrous  glands,  it  is  a 
safe  estimate  that  the  latter  exceeds  the  former  ten  to  a  hundred  times, 
depending  on  the  degree  of  hyperplasia.  In  very  large  goitres  of  average- 
sized  dogs  {la  kg.)  more  than  200  c.c.  of  lymph  is  emptied  into  circtdation 
from  the  thyroids  in  the  course  of  twenty-four  hours. 

The  fact  that  in  general  the  lymph  production  in  the  head  and  neck 
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re^on  is  greater  in  young  than  in  old  animals  suggests  that  it  is  in  some 
ways  correlated  with  growth.  The  copious  lymph  production  in  the 
carcinomatous  thyroids  points  to  the  same  thing.  We  ought  on  this 
basis  to  have  a  greater  lymph  production  in  active  hyperplasia  asso- 
ciated with  cell  diviaoD  and  rapid  growth  than  in  the  colloid  or  rela- 
tively quiescent  goitres,  but  if  such  a  difference  exists  it  is  not  great 
enough  to  be  demonstrated  by  ths  present  methods. 

(4)  Is  there  any  relation  between  the  percentage  of  iodine  in  the 
gland  and  the  volume  output  of  lymph  from  the  gland?  It  is  still  an 
open  question  to  what  extent  the  rate  of  lymph  production  is  related  to 
the  degree  of  physiological  activity  of  an  oi^an.  The  theory  of  Asher 
has  been  shown  to  be  untenable  for  the  salivary  glands,  but  it  may  be 
tenable  for  organs  ha\'ing  no  external  secretion,  although  we  know 
of  no  experiments  directly  supporting  the  theory  in  the  case  of  muscle, 
nervous  tissue,  and  the  ducdess  glands.  If  it  is  applicable,  we  should 
have  to  conclude  that  all  types  of  thyroid  hyperplasia  in  the  dog  are 
accompanied  by  increased  physiological  activity  of  the  gland.  We  were 
primarily  interested  in  the  relation  between  the  lymph  produciion  and 
the  iodine  content  of  the  gland  in  retati<»i  to  the  possible  application  of 
Asher's  theory. 

Assuming  that  the  iodine  is  an  element  in  the  thyroid  secretion,  the 
significance  of  greater  or  less  iodine  in  the  gland  itself  is  still  a  matter 
of  conjecture.  The  higher  percentage  of  iodine  may  mean  a  storage  of 
the  element  in  the  gland  in  some  form  analogous  to  secretion  granules 
in  other  glands  and  thus  signify  relative  quiescence  of  the  gland.  On 
this  interpretation  paucity  of  iodine  would  mean  greater  physiological 
activity.  But  the  very  opposite  interpretations  might  be  made  with 
equal  or  possibly  greater  degree  of  probability. 

Iodine  determinations  were  not  made  in  all  the  goitres  from  which 
the  lymph  was  collected,  but  a  sufficient  number  of  determinations  were 
made  to  show  that  there  is  no  correlation  between  iodine  content  and  lymph 
output.  The  correlation  is  with  the  size  of  the  giand  and  not  with  the 
iodine  content.  Thus  there  is  just  as  copious  lymph  flow  in  goitres 
having  only  a  trace  of  or  no  demonstrable  iodine  as  in  glands  of  equal 
size  having  moderate  and  up  to  great  quantities  of  iodine.  For  example, 
the  lymph  flow  in  a  carcinomatous  thyroid  weighing  340  gm.  and  con- 
taining about  33  mgm.  iodine  was  if  anything  a  little  less  than  in  a  similar 
thyroid  weighing  336  gm.  but  containing  no  iodine.    Similar  correspond- 
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ence  was  noted  in  four  cases  of  simple  hyperplasia  with  traces  of  iodine 
and  with  relatively  high  iodine  content  respectively.  It  might  be  em- 
phasized again  that  small  variations  in  the  lymph  output  are  of  no  signifi- 
cance because  of  the  many  variable  factors.  In  fact,  by  varying  the 
mass^e  or  the  degree  of  anaesthesia  one  can  get  rates  of  lymph  flow  to 
suit  any  theory  that  might  be  proposed. 

So  far,  then,  the  significance  of  the  augmented  lymph  output  in 
thyroid  hyperplasia  and  thyroid  tumors  is  not  apparent.  The  correla- 
tion may  be  simply  that  of  vascularity  in  the  gland.  But  the  kidneys 
or  the  spleen  are  also  very  vascular  organs.  And  it  is  indeed  estimated 
that  the  rate  of  blood  flow  through  the  kidney  per  bulk  of  organ  is 
greater  than  that  through  any  other  organ  of  the  body.  Yet  in  d(^ 
goitres  of  the  size  of  a  kidney  or  the  spleen  the  lymph  production  is 
many  times  greater  than  in  either  kidney  or  spleen.  Hence  the  correla- 
tion with  the  blood  vessels  seems  insuflncient,  but  it  is  no  doubt  one  of 
the  factors.  Growth  is  in  all  probability  another  factor.  Whether  the 
special  physiological  activity  of  production  of  the  internal  secretions 
{and  possibly  detoxication  processes)  also  constitutes  a  factor  remains 
to  be  determined. 


III.  Tests  for  Thyroid  Secretions  in  Thyroid  Lymph, 

I.  Tho  t«Bt  for  lodln«.  —  The  Baumann  method  was  employed 
nickel  crucibles  being  used  for  incineration  and  fusion,  as  recommended 
by  Oswald,  Lymph  from  the  goitres  of  ten  dogs  were  tested  in  quanti- 
ties from  10  to  200  cc,  the  average  quantity  for  each  test  being  55  c.c. 
The  2CO  c.c.  sample  was  collected  from  three  dogs.  The  tests  were  uni- 
fortnly  negative. 

Iodine  tests  were  made  on  most  of  the  goitres  which  yielded  the 
lymph  tested  for  iodine.  In  three  no  iodine  was  found  in  the  glands 
themselves.  In  four  the  test  was  positive,  one  of  these  four  contain- 
ing 15  mgm.  of  iodine.  The  negative  results  do  not  prove,  of  course, 
that  no  iodine  compounds  are  present  in  the  thyroid  lymph.  They 
simply  show  that  if  such  compounds  are  present,  they  are  present  in 
too  minute  traces  to  be  detected  by  our  present  chemical  tests  in  the 
quantity  of  lymph  at  our  disposal.  It  should  be  remembered,  however, 
that  the  quantity  of  thyroid  lymph  used  in  most  of  the  tests  was  prob- 
ably as  great  or  greater  than  that  secreted  by  the  normal  gland  in  the 
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course  of  a  whole  week.  And  the  active  massage  of  the  gland  would 
seem  to  favor  the  passage  of  our  hypothetical  iodized  protein  or  colloid 
into  the  lymph,  if  they  pass  by  that  route  at  ail. 

2.  Intriirmoiii  Injwtloii  of  thyroid  lynqih  In  dogs  nndor  aiuBstbosia.  — 
In  these  experiments  we  looked  for  effects  on  the  circulation  similar  to 
those  that  have  been  described  as  following  the  intravenous  injection 
of  thjrroid  extract  and  thyro-globulin.  This  work  was  begun  by  Oliver 
and  Schafer,"  and  extended  principally  by  von  Cyon,"  von  Cyon  and 
Oswald,"  and  von  Fiirth  and  Schwartz."  The  earlier  work  seemed  to 
show  that  thyroid  extracts  and  the  thyro-iodine  lower  the  blood  pres- 
sure, mainly  by  peripheral  action.  The  injection  may  also  retard  and 
strengthen  the  heart  beat.  It  is  not  necessary  to  refer  in  detail  to  von 
Cyon's  theory  of  thyroid  action  on  the  heart  nerves.  Now,  in  the  light 
of  all  the  recent  work  on  the  action  of  tissue  extracts  on  the  circulation, 
it  is  obvious  that  this  lowering  of  the  blood  pressure  by  thyroid  prepara- 
tions is  nothing  specific.  And  von  Fiirth  and  Schwarz  conclude  that 
thyro-iodine  or  thyroid  extracts  have  no  direct  or  specific  effect  on  the 
circulation,  but  that  the  fall  in  the  blood  pressure  on  intravenous  in- 
jections is  due  to  traces  of  cholin  in  the  preparations.  They  found, 
moreover,  that  subcutaneous  injections  of  thyro-iodine  (0,22  to  2.25 
mgm.  I)  daily  for  ten-day  periods  bring  on  a  temporary  tachycardia, 
but  the  heart  returns  to  normal  before  the  end  of  the  period  of  injec- 
tidbs.  The  same  results  are  produced  by  some  artificially  iodized 
proteins  and  by  potassium  iodide. 

It  is  therefore  evident  that  the  supposed  direct  and  specific  action  on 
the  heart  and  the  blood  vessels  of  the  thyroid  secretion  (thyro-globulin) 
is,  to  say  the  least,  extremely  problematical  But  this  phase  of  our 
investigation  was  under  way  before  the  publication  of  the  work  of  von 
Fiirth  and  Schwarz.  And  as  the  results  seem  to  indicate  some  patho- 
logical action  of  lymph  and  blood  in  goitrous  dogs  they  may  be  briefly 
recorded. 

Intravenous  injections  of  thyroid  lymph  from  six  goitrous  dogs  in 
quantities  from  25  c.c.  to  50  C.C.,  thoracic  lymph  from  two  goitrous 

"  Olivek  and  Schafek:  Journal  of  physiologj,  1895,  xxiii,  p.  177. 
"  VON  Cyon:  Archiv  fUrdiegesammtePhysiologie,  1895,  Ixx,  p.  136;  iS98,lixtii, 
p.  42. 

"  VON  Cyon  and  Oswald:    Ibid. ,jgoi,  Ixxxiii,  p.  199. 

"  VON  FORTH  and  Schwarz:  IM.,  1908,  cxxiv,  pp.  iij,  361. 
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dtigs  (35  C.C.  each),  and  defibrinated  blood  from  three  goitrous  dogs 
(50  c.c.  each)  were  made  in  a  corresponding  number  of  normal  dogs 
under  aniesthesia  and  prepared  for  blood-pressure  recording.  Prior 
to  the  injection  of  the  foreign  fluids  quantities  of  blood  equal  to  those 
to  be  injected  were  withdrawn  from  the  animal,  so  as  not  to  alter  the 
total  quantity  in  the  circulation.  The  injections  were  gradual,  being 
completed  in  two  minutes.  The  observations  were  continued  for  two 
to  three  hours  after  the  injections.  The  goitres  of  the  dogs  yielding  the 
fluids  injected  varied  in  weight  from  100  gm.  to  600  gm.  (fresh  tissue). 

(1)  There  is  no  immediate  effect  on  the  heart  or  on  the  blood  pres- 
sure in  the  case  of  either  the  lymphs  or  the  blood. 

(2)  In  two  out  of  the  six  cases  of  thyroid  lymph  there  was  no  dis- 
cernible effect  either  on  the  heart  or  the  blood  pressure.  The  observa- 
tions continued  for  three  hours,  and  towards  the  end  there  was  a  slight 
gradual  fall  in  the  pressure,  and  some  weakening  of  heart  beat,  but 
that  was  in  all  probability  due  to  the  anaesthesia  (ether), 

(3)  In  the  remaining  experiments  the  injections  were  followed  by 
a  gradual  fall  of  the  blood  pressure  and  some  acceleration,  weakening, 
and  irregularity  of  the  heart.  These  symptoms  appeared  within  ten  to 
twenty-five  minutes  after  the  injection  and  in  no  case  did  the  pulse  or 
the  blood  pressure  return  to  normal.  The  cardiac  acceleration  was 
usually  more  marked  than  the  fall  in  the  blood  pressiu-e.  In  two  cases 
Traube-Hering  blood  pressure  waves  appeared  intermittently,  bu?  it 
is  known  that  these  may  follow  the  intravenous  injections  of  neck  lymph 
from  normal  dogs  (Asher,  Carlson). 

While  there  is  nothing  in  these  results  that  jraints  specifically  to  thyroid 
action,  they  seem  to  show  that  in  some  cases  the  blood  and  the  lymph 
of  dogs  with  very  large  thyroid  hyperplasia  contfun  substances  that  act 
injuriously  on  the  heart  and  the  circulation  when  introduced  intrave- 
nously into  normal  dogs.  Transfusion  experiments  from  goitrous  dogs 
to  normal  dogs  might  shed  further  light  on  these  phenomena. 

3.  IntraTcnooa  InjMtloiii  <rf  tliTToid  Ijrmpta  Into  soinial  dogg  not  tind«r 
UMthoiU.  —  The  symptoms  looked  for  in  these  series  were  those  of 
"hyperthyroidism,"  particularly  the  tachycardia  and  nervous  excita- 
bility. We  were  not  in  position  to  study  the  respiratory  exchange  and 
the  nitrogen  excretion.  It  app>ears  to  be  well  established  that  when 
given  in  sufficient  quantity  thyroid  or  thyro-iodine  produces,  temporarily 
at  least,  tachycardia,  nervous  excitability,  and  increased  metabolism 
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(CO,,  and  possibly  nitrogen,  output).  This  is  true  whether  the  thyroid 
administration  is  made  by  mouth,  hypodermically,  or  intravenously. 
But  relatively  large  quantities  of  thyroid  are  required  to  produce  these 
symptoms.  And  according  to  the  observations  of  von  Fiirth  and  Schwarz 
on  dogs,  the  tachycardia  is  only  temporary  even  on  continued  thyroid 
administration. 

In  six  of  the  experiments  the  procedure  was  as  follows:  Small  dogs 
with  relatively  normal  thyroids  were  selected,  and  their  temperature  and 
pulse  recorded;. they  were  then  lightly  etherized  to  admit  of  the  intrave- 
nous injection  without  pain  or  struggling.  Defibrinated  goitre  lymph  in 
quantities  from  2$  c.c.  to  60  c.c.  was  injected  in  one  of  the  ear  veins, 
and  the  pulse,  temperature,  and  general  behavior  of  the  animals  noted 
for  twelve  to  twenty-four  hours.  Parallel  experiments  were  in  most 
cases  made  with  corresponding  quantities  of  blood  from  the  goitre  dogs 
yielding  the  lymph.  No  injections  were  made  of  lymph  from  the 
thoracic  duct.  In  four  experiments  the  lymphs  were  injected  without 
anesthesia.     Our  results  were  as  follows : 

(i)  There  appears  to  be  no  qualitative  or  quantitative  difference  in 
the  symptoms  produced  by  the  blood  and  the  thyroid  lymph  from  the 
same  animal. 

(2)  In  every  case  there  was  a  rise  of  body  temperature  of  from  2°  to 
4°  C,  lasting  from  four  to  twenty  hours.  The  maximiun  temperature 
elevation  is  reached  within  an  hour  after  the  injection;  the  return  to 
normal  is  more  gradual. 

(3)  Some  irregularity  of  the  pulse  occurs,  and  this  is  usually  accom- 
panied by  acceleration  of  the  heart.  In  two  cases  the  cardiac  irregular- 
ity was  accompanied  by  a  slower  pulse. 

(4)  Three  of  the  dogs  showed  slight  tremors,  the  remaining  exhibit- 
ing no  untoward  symptoms,  despite  the  elevated  temperature. 

In  no  case  did  any  of  the  above  symptoms  per^st  for  more  than 
twenty  hours.  In  so  far  as  these  symptoms  are  due  to  substances  in  the 
injected  fluids,  it  is  obvious  that  these  are  present  both  in  the  blood 
and  in  the  thyroid  lymph  in  these  goitre  dogs.  The  fluids  injected  were 
not  absolutely  sterile,  but  the  rise  in  temperature  appears  to  us  to  be 
too  sudden  and  of  too  short  a  duration  to  be  due  to  an  infection.  The 
heart  changes  suggest  thyroid  tachycardia,  but  these  effects  on  the 
heart  may  be  secondary  to  the  rise  in  body  temperature.  And  thyroid 
administration  is  not  known  to  produce  fever  so  far  as  we  are  acquainted 
with  the  literature. 
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Control  experiments  with  blood  and  lymph  from  normal  dogs  were 
not  made.  But  in  another  research  one  of  us  had  occasion  to  make  a 
great  number  of  transfusions  of  blood  from  one  normal  dog  into  an- 
other, and  this  is  invariably  followed  by  some  elevation  of  the  body 
temperature.  In  those  experiments,  however,  the  animals  were  anaes- 
thetized, the  carotid  artery  and  the  jugulir  vein  isolated,  etc.,  so  that 
it  is  not  possible  to  determine  what  part  is  played  by  the  foreign  blood 
in  the  temporary  disturbance  of  the  heat  regulation  mechanisms. 

4.  Tlw  auto-nitiil*  tut  of  Himt.  —  (i)  Hunt  '*  and  Hunt  and  Sei- 
dell "  have  shown  that  mice  fed  on  thyroid  preparations  exhibit  an 
increased  resistance  to  aceto-nitrile,  and  that  the  efhcacy  of  the  thyroid 
in  producing  this  resistance  is,  on  the  whole,  proportional  to  its  iodine 
content.  Thyroid-fed  rats  exhibit,  on  the  other  hand,  a  decreased  re- 
sistance to  the  poison.  The  importance  of  this  discovery  in  relation 
to  the  physiologically  important  thyroid  secretions  seems  to  be  called 
in  question  by  the  fact,  as  recorded  by  Hunt,  that  other  iodine  com- 
potuids  produce  similar  immunity  or  reduced  immunity,  but  to  a  less 
degree.  And  later  works  of  Hunt  seem  to  show  that  the  resistance  to 
aceto-nitrile  in  mice  may  be  greatly  altered  by  variations  in  diet  quite 
apart  from  thyroid  or  iodine  preparations,  and  that  preparations  from 
other  organs,  when  fed,  give  similar  immunity  but  to  a  less  degree. 
Very  small  quantities  of  thyroid  suffice  to  give  the  immunity  to  mice, 
and  Hunt  estimates  that  the  test  is  forty  times  more  delicate  than  the 
chemical  test  for  iodine  in  the  thyroid. 

Because  of  this  great  sensitiveness  of  the  test  we  decided  to  apply  it 
to  thyroid  lymph,  although  we  recognized  that  it  is  still  an  open  ques- 
tion whether  the  test  Is  one  for  iodine  or  for  the  physiologically  important 
thyroid  secretions. 

{2)  We  carried  out  seven  groups  of  experiments  with  thyroid  feeding, 
simply  repeating  Hunt's  procedure.  Each  group  consisted  of  ten  mice, 
five  thyroid-fed  and  five  controls.  The  thyroid-fed  mice  were  given 
a  mixture  of  cracker  dust  and  thyroid  tablets  (Armour's)  varying  from 
one  fifteenth  to  one  tenth  of  a  grain  of  desiccated  thyroid  per  day  for 
six  to  eight  days.  The  controls  were  fed  on  crackers  or  crackers  mixed 
with  some  serum  albumin.    In  four  of  these  groups  the  aceto-nitrile  in- 

'*  Hunt:   Journal  of  biological  chemistry,  1905,  I,  p.  13;    Journal  of  American 
Medical  Association,  1907,  xlir,  pp.  a4o,  1393. 
"  Hunt  and  Seidell:  Hygienic  Laboratory,  Bulletin  47,  Washington,  1909. 
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jeciioni  confirpted  Hunt's  results,  the  thyroid-fed  mice  recovering  from 
doses  one-half  to  two  and,  one-half  times  larger  than  those  that  kilkd  the 
controls.  In  the  case  of  the  three  remaining  experiments  no  increased 
resistance  was  shown  by  the  fed  groups,  but  the  individual  variitions 
in  the  resistance  were  so  considerable  that  it  does  not  seem  strictly  fair 
to  designate  them  as  negative.    They  are  non-committal. 

In  general,  then,  the  results  of  Hunt,  and  Himt  and  Seidell  are  con- 
finned  ;  but  -^e  were  not  able  to  secure  as  marked  a  difference  in  the 
immunity  of  th&  fed  and  the  control  groups  as  that  recorded  by  these 
observers  (13  to  20  times). 

(3)  As  a  preliminary  to  the  tests  on  thyroid  lymph  we  fed  three 
groups  of  mice  on  blood  from  three  normal  dogs.  For  eight  to  ten  days 
each  mouse  received  i  c.c.  of  the  blood  mixed  with  crackers.  The  results 
of  the  aceto-nitrile  injections  were  negative.  This  is  in  line  with  Htmt's 
findings  in  a  number  of  other  mammals,  including  man.  Feeding  mice 
normal  blood,  at  least  in  the  animals  so  far  attempted,  does  not  affect 
the  aceto-nitrile  immunity.  It  is  therefore  evident  that,  assuming  the 
test  is  one  of  thyroid  secretion,  it  is  not  dehcate  enough  to  detect  these 
secretions  in  the  blood  of  normal  mammals. 

{4)  Six  groups  of  tests  were  made  on  lymph  from  colloid  and  hj-per- 
plasia  goitres,  i  c.c.  of  lymph  mixed  with  crackers  being  fed  to  each 
mouse  for  six  to  eight  days.  The  controls  were  given  crackers  only. 
No  controls  were  made  by  feeding  the  blood  or  the  Ijmph  from  the 
thoracic  duct  from  the  same  dogs.  The  results  of  the  aceto-nitrile  in- 
jections were  uniformly  negative,  n-ith  the  exception  that  in  tvi'o  of  the 
groups  the  individual  variations  of  the  mice,  fed  as  well  as  control, 
were  so  considerable  that  much  importance  caimot  be  attached  to  them 
one  way  or  the  other.  The  remaining  four  experiments  were,  however, 
clearly  negative.  We  confess  we  were  both  surprised  and  disappointed 
in  the  negative  outcome  of  these  tests,  for  even  if  the  test  is  not  one  of 
thjToid  secretion,  it  app>ears  to  be  at  least  an  exceedingly  delicate  test 
for  iodine,  and  it  would  seem  that  even  iodine  is  not  present  in  thjToid 
lymph  in  demonstrable  quantities. 

The  thyroid  secretions  may  not  be  present  in  the  lymph,  or  the  quan- 
tities of  I)-mph  used  in  feeding  were  not  sufficient,  or,  lastly,  the  Himt 
test  is  not  a  test  of  the  secretions.  And  we  stopped  our  work  on  this 
phase  until  this  last  alternative*  could  be  further  tested.  Hunt  himself 
found  that  the  test  is  negative  on  the  blood  of  guinea  pigs,  even  after 
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prolonged  and  excesMve  thyroid  administration,  when  we  ought  to 
«pect  increased  quanlities  of  thyroid  secretions  or  thyro-iodine  in  the 
blood.  But  assuming  the  correctness  of  the  Moebius  theory  of  the 
relation  of  the  thyroid  secretion  to  the  symptoms  of  exophthalmic 
goitre,  Hunt  has  tested  the  blood  from  three  cases  of  exophthalmic 
goitre  in  man,  the  results  in  one  case  being  negative,  in  the  other  two 
positive.  The  iodine  test  made  on  150  c.c.  of  blood  that  gave  the  greatest 
immunity  by  the  feeding  test  on  mice  was  negative.  We"  have  had  the 
opportunity  of  making  one  feeding  test  on  blood  from  one  typical  ex- 
ophthalmic case  {woman,  age  22)  through  the  courtesy  of  Dr.  A.  Were- 
lius.  The  tachycardia  and  excitability  were  pronounced,  the  thyroid 
greatly  enlarged,  and  the  emaciation  extreme.  The  blood  was  secured 
post  mortem,  and  fed  to  six  mice  as  in  previous  experiments.  The 
aceto-nitrile  injections  gave  clear-cut  negative  results.  But  even  posi- 
tive results  from  the  test  on  blood  in  Graves  disease  would  not  neces- 
sarily prove  the  presence  of  thyroid  secretion,  as  other  organs  give  some 
immunity,  and  there  is  ample  evidence  in  exophthalmic  goitre  of  altered 
activity  of  other  organs  besides  the  thyroid.  For  example,  recent  work 
indicates  even  an  excess  of  adrenalin  in  the  blood  in  such  patients. 

Inasmuch  as  the  Hunt  test  is  negative  with  normal  mammalian 
blood,  there  is  no  hope  of  gaining  further  knowledge  by  comparing  the 
effects  of  feeding  normal  blood  and  blood  from  completely  thyroidecto- 
mized  animals,  despite  the  fact  that  the  thyroid  secretions  in  the 
blood  of  thyroidectomized  animals  must  gradually  diminish.  But  it 
seems  to  us  that  the  test  can  and  should  be  tested  in  the  following  ways : 
Feeding  experiments  with  blood  of  animals  in  "experimental  hyper- 
thyroidism," if  such  a  condition  can  actually  be  produced  experiment- 
ally, ought  to  produce  the  immunity.  And,  secondly,  diminishing  the 
quantity  of  the  thyroid  secretions  in  the  blood  of  mice  and  rats  ought 
to  decrease  the  natural  immunity  in  the  former  and  increase  it  in  the 
latter.  If  these  two  lines  of  work  should  yield  only  negative  results, 
the  value  of  the  Hunt  test  for  the  thyroid  secretions  becomes  very  doubt- 
ful. This  work  is  now  being  carried  out  in  our  laboratory  by  Messrs. 
Lussky  and  Olds.  And  it  may  be  added  in  a  preliminary  way  that  the 
thyroidectomy  experiments  both  in  mice  and  rats  have  so  far  given 
uniformly  negative  results. 

5.  Th«  Bflwta  of  complete  alimlnKtlo&'ot  nock  and  thyroid  lymph  tor 
forty-eifbt  houn  Is  sormul   toxoa.  —  (i)    If  the  internal  secretions  of 
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the  tbyroid  complex  reach  the  blood  by  way  of  the  lymphatic  lymph, 
it  ought  to  be  possiUe  to  produce  the  earlier  and  primary  symptoms 
of  complete  thyroidectomy  by  complete  elimination  of  the  neck  lymph, 
provided  this  can  be  done  for  sufficiently  long  periods.  Ligation  of  the 
neck  lymphatics  will  not  suffice,  because  under  those  conditions  there 
is  either  a  stasis  In  the  lymph  production  in  the  region  involved  or  else 
the  lymph  is  absorbed  by  the  blood  vessek  of  the  lymphatics.  One  of 
us,  working  with  Dr.  Greer  on  another  problem,  had  occasion  to  ligate 
the  neck  lymphatics  on  both  sides  in  6ve  dogs.  In  three  animals  there 
was  not  even  a  temporary  edema  of  the  head  region;  one  exhibited 
slight  edema  for  two  days,  followed  by  complete  recovery,  while  the 
fifth  dog  developed  extreme  edema  of  neck,  face,  and  head,  and  this  led 
in  a  few  days  to  necrosis  of  the  gums  and  lips,  and  infeclion  of  the 
lymph  glands. 

After  some  experimentation  we  concluded  that  the  most  feasible  way 
to  effect  complete  elimination  of  the  neck  lymph  is  to  isolate  and  ligate 
the  common  lymphatic  tnmks  as  low  down  in  the  neck  as  possible,  and 
then  bring  the  cephalic  ends  to  the  exterior  through  a  slit  in  the  skin, 
fix  them  there  by  skin  sutures,  and  make  a  longitudinal  slit  in  the  lymph 
vessels  to  allow  free  escape  of  the  lymph  on  the  surface  of  the  neck. 
The  essential  point  is  to  isolate  the  lymphatic  tnmks  so  that  there  is  no 
occlusion  of  them  by  pressure  or  muscular  contraction,  and  in  fixing 
them  to  the  surfaces  of  the  skin  care  must  be  taken  that  they  are  not 
put  on  stretch,  because  in  that  case  they  will  be  ruptured  by  the  bend- 
ing of  the  neck.  The  neck  may  be  dressed  lightly  with  absorbent 
cotton.  These  lymph  fistuls,  when  successful,  will  remain  open  and 
allow  free  escape  of  the  neck  lymph  from  thirty-six  to  forty-eight 
hours.  There  is  little  or  no  trouble  from  coagulation.  But  the  por- 
tion of  the  lymphatics  outside  seems  to  disintegrate  gradually,  with 
the  result  that  their  attachment  to  the  skin  is  broken  and  the  central 
portion  disappears  through  the  skin  wotmd.  The  lymph  may  con- 
tinue to  escape  through  the  skin  wound  for  a  day  or  more  after  this 
has  happened. 

This  method  of  attack  would  not  have  occurred  to  any  one  as  pos-    ■ 
sible,  on  the  basis  of  what  is  known  of  the  symptoms  of  complete  thy- 
roidectomy in  dogs  and  cats,  as  in  these  animals  it  is  exceptional  that 
symptoms  appear  within  forty-eight  hours  after  operation,  and  we 
have  seen  that  it  is  practically  impossible  to  effect  complete  lymph 
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elimination  for  a  longer  period.  But  the  results  of  Vincent  and  Jolly  " 
on  foxes  gave  us  hope  of  applying  our  method  in  these  mammals.  Four 
out  of  the  five  foxes  completely  thyroidectomized  hy  Vincent  and  Jolly 
died  in  tremors  and  convulsions  within  ten  to  twenty-four  hours  after 
the  operation,  while  one  lived  for  a  longer  time.  It  is  obvious  that  in 
animals  with  such  rapid  onset  of  the  symptoms  crucial  experiments  can 
be  made  with  the  method  under  con^deration. 

In  the  fall  of  1908  we  secured  two  full-grown  foxes  in  good  condition, 
one  of  which  was  lost  accidentally,  and  in  the  spring  of  1909  we  were 
fortunate  in  securing  two  litters  of  nine  each.  These  were  raised  until 
October,  when  they  were  of  sufficient  size  for  the  work. 

(2)  We  record  five  successful  experiments  with  the  lymph  eliminated 
as  above.  In  one  of  the  experiments  cannulas  were  placed  in  the  neck 
lymphatics  and  the  lymph  actually  collected  imder  continuous  massage 
of  the  neck  from  12.30  to  9  p.  u.,  when  the  lymphatics  were  fixed  to  the 
skin  in  the  manner  described.  Our  results  were  imiformly  negative, 
all  the  animals  remaining  to  all  appearance  normal  throughout.  Vnder 
ordinary  conditions  we  would  not  have  rested  with  only  five  successful 
experiments,  but  as  soon  as  we  discovered  that  our  thyroidectomized 
foxes  did  not  respond  in  the  way  described  by  Vincent  and  Jolly,  tbis 
phase  of  the  work  was  given  up  as  futile.  These  results  are  not  only 
negative,  but  they  are  of  no  value  even  as  negative  results,  except  pos- 
sibly in  emphasizing  the  variability  of  the  hypothyroid  symptoms  in 
the  same  species. 

(3)  The  effect  of  complete  thyroidectomy  in  foxes.  The  foxes  used 
in  the  lymph  elimination  series  were  allowed  to  heal  from  the  opera- 
tions and  were  subsequently  thyroid-parathyroidectomized.  Others 
were  completely  thyroidectomized  in  the  course  of  another  research 
on  the  liver,  so  that  to  date  the  record  is  twelve.  The  results  are  best 
presented  by  the  foUowing  brief  protocols: 

PROCTOCOL:   COMPLETE  THYROIDECTOMY  IN  FOXES. 

„  I.  Male  ovee  one  Yeak  old. 

1908 

Nov.  2.      Glands  removed ;  good  recovery. 

Nov.  3-4.  No  symptoms;  good  appetite, 

Nov.  s-6.  Rather  depressed  and  lethargic;  no  tremois;  does  not  eat. 

^  Vincent  and  Jolly:  Journal  of  physiology,  1905,  izzii,  p.  65. 
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Nov.  7.  Violent  tremors  with  intermittent  convulsions  from  9  A.  u.  to  a 
p.  u. ;  salivation,  rapid  breathing.  After  3  p.  H.  quiescent  but 
weak. 

Nov,  8.      Weak;  no  other  symptoms. 

Nov.  9-Dec.  15,    fox  normal  in  every  way;  gained  in  weight. 

Dec.  16.  Fox  killed  and  post-mortem  search  made  for  accessory  thyroids 
and  parathyroids  in  neck  and  chest.  None  found.  Thirteen 
glandules  sectioned  as  possibly  containing  thyroid  tissue,  but 
they  all  .proved  to  be  lymph  glandules. 

II.  Feuale,  ovek  one  Year  old, 
'909 
Oct.  38.     Glands  removed;  good  recovery. 
Oct.  39.     Normal,  but  does  not  eat. 
Oct.  30.     Normal;  eats. 

Nov.  I  to  dale  (Jan.  35).  Fox  normal  to  all  appearance.  No  myxedema; 
cachexia,  or  emaciation. 

III.  Feuale,  less  than  one  Yeak  old. 

Oct.  a8.     Glands  removed;  good  recovery. 

Oct.  29.     Normal,  but  does  not  eat. 

Oct.  50.  Salivation,  rapid  breathing,  strong  tremors  and  tetany  from  7  A.  u. 
to  3  p.  II.;  quiescent  but  weak  during  the  rest  of  the  afternoon. 

Nov.  I.  Normal,  but  rather  weak;  eats;  no  sign  of  tremors  or  salivation 
during  the  day. 

Nov.  3.      Restless;  slight  tremors;  dyspnoea;  does  not  eat. 

Nov.  3.  Some  depression,  but  no  tremors  or  salivation  until  4  P.  u.;  does 
not  eat.  At  4  p.  u.  spasms  appeared  and  continued  unabated  as 
long  as  observed  (7  p.  u.). 

Nov.  4.  Found  dead  at  7  a.  u.  Post-mortem  examination  revealed  no  para- 
thyroids nor  accessory  thyroids. 

IV.   Male,  less  than  one  Year  old, 

Nov.  I.      Glands  removed;  good  recoveiy. 

Nov.  3.      Normal;  eats. 

Nov.  3.      Slight  tremors  and  spasms  from  7  to  ti  A.  u. ;  normal  during  the 

afternoon ;  does  not  eat. 
Nov.  4.      Depression  and  slight  spasms.     Killed  for  liver  perfusion. 
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V.  Male,  less  than  one  Year  old. 

Nov.  I  a.  Glands  removed;  good  recovery, 

Nov.  13.  Normal;  eats. 

Nov.  14.  Slight  tremors. 

Nov.  15.  Slight  tremors;  no  salivation.    Rilled  for  liver  perfimon. 

VI.  Feuale,  less  than  one  Yeab  old. 

Nov.  12,  Glands  removed;  good  recovery, 

Nov.  13.  Normal. 

Nov,  14,  Normal. 

Nov,  15.  Slight  tremors.    Killed  for  liver  pcrfuaon. 

VII  AND  VIII.  Males,  less  than  one  Year  old. 

Nov.  la.    Glands  removed;  good  recovery. 

Nov.  13-22.  Foxes  normal  in  every  respect;  under  observation  every  day, 
but  no  symptoms  noted.  Killed  for  liver  perfusion.  Post 
mortem;  a  nodule  of  accessory  thyroid  found  in  the  chest  in 
VII.    No  trace  of  parathyroids, 

IX.  Male,  less  than  one  Yeas  old. 

Nov.  28.  Glands  removed;  good  recovery, 

Nov.  29.  Normal, 

Nov.  30,  Normal, 

Dec,  I,  Slight  tremors.    Killed  for  liver  perfusion. 

X.  Female,  less  than  one  Year  old, 

Nov,  28.  Glands  removed;  good  recovery, 

Nov.  39.  Normal;  does  not  eat. 

Nov.  30,  Normal;  eats. 

Dec,  1-3,  Normal. 

Dec.  4,  Slight  tremors.    Killed  for  liver  perfusion. 

XI  and  XII.  Females,  less  than  one  Year  old. 

Nov.  28.    Glands  removed. 

Nov.  39-Dec.  20.    Foxes  apparently  normal  in  evciy  respect. 

Dec.  3t,     Fox  XII  normal;  fox  XI  shows  depression  and  tremors;  does  not 
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Dec.  23.     Continued  weakness  and  tremors  of  fox  XI ;  does  not  eat. 
Dec.  33.     Fox  XI  found  dead.    Post  mortem  showed  congestion  of  lungs, 
possibly  pneumonia.   No  accessory  thyroid  or  parathyroids  found. 
Dec.  34.     Fox  XII  normal. 
Dec.  35.     Fox  XII  normal. 
Dec.  z6.     Found  dead,  cause  unknown.    No  accessory  thyroids  found. 

The  following  points  may  be  restated  for  emphasis : 

1.  None  of  the  animals  exhibited  any  symptoms  within  less  than 
thirty-six  hours  after  operation,  and  only  three  of  them  (Nos.  Ill,  IV, 
and  V,  within  forty-eight  hours  after. 

2.  The  tendency  to  periodicity  in  the  symptoms,  particularly  strik- 
ing in  fox  III.  • 

3.  The  apparent  absence  of  all  symptoms  in  foxes  II,  VII,  and  VIII, 
and  at  least  a  long  delay  (three  weeks)  in  development  of  symptoms  in 
foxes  XI  and  XII. 

4.  The  complete  recovery  after  development  of  extreme  symptoms 
in  fox  I.  We  have  never  observed  such  violent  and  prolonged  convul- 
^ons  either  in  dogs  or  cats,  and  we  fully  expected  the  fox  to  die  any 
minute. 

5.  Some  foxes  exhibit  no  effects,  at  least  for  long  periods,  and  some 
recover  completely  after  thyroid-parathyroidectomy,  no  discoverable 
remnants  or  accessory  glands  being  left  behind.  But,  of  course,  we  did 
not  make  serial  sections  of  the  whole  neck  and  chest  region  of  these 
foxes,  so  the  possibility  remains  that  isolated  thyroid  or  parathyroid 
cells  may  have  been  present  in  the  various  fascia,  in  the  lymph  gland 
or  the  thymus,  but  we  doubt  if  such  cells  could  have  been  identified 
with  certainty  even  if  such  serial  sections  had  been  made. 

We  can  suggest  no  other  explanation  for  the  difference  between  the 
results  of  Vincent  and  Jolly  and  ours  than  that  of  individual  variations 
in  the  resistance  to  the  untoward  conditions  imposed  by  the  removal 
of  the  glands.  Most  of  our  animals  were  bom  and  raised  in  captivity. 
They  were  none  the  less  strictly  carnivorous.  As  a  matter  of  fact  these 
foxes  will  starve  for  days  before  they  even  eat  cooked  meat. 

IV.  The  Iodine  Contents  of  Dog's  THYSoros. 

In  connection  with  the  iodine  determinations  in  goitre  lymph  and 
on  some  of  the  goitrous  thyroids  used  in  the  experiments  above  dc- 
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scribed,  we  made  »milar  tests  on  the  thyroids  of  one  hundred  and  two 
dogs  taken  at  random  as  brought  to  the  laboratory.  It  has  already 
been  stated  that  over  50  per  cent  of  these  dogs  have  thyroid  enlarge- 
ments discernible  on  direct  inspection  or  by  palpation,  and  that  apart 
from  the  thyroid  enlargement  these  dogs  give  no  apparent  evidence 
of  any  disease  usually  involving  the  thyroids  in  man  —  exophthalmic 
goitre,  myxedema,  cretinism.  To  quote  the  conclusions  of  Marine 
and  Lenhart,  "most  of  these  dogs  are  normal."  Because  of  this  fact 
and  in  view  of  the  unsettled  question  of  the  relation  of  the  thyroid  secre- 
tions to  iodine,  we  deemed  such  a  preliminary  survey  desirable,  despite 
the  abundant  literature  on  the  subject.  Marine  and  Williams  have 
recently  made  a  similar  survey  on  one  himdred  and  thirteen  dogs  in 
Cleveland.    Our  results  are  given  in  Table  I. 

Before  we  comment  on  these  results  we  may  state  the  findings  in  two 
cases  of  carcinoma  of  the  thyroids.'* 

(A)  Primary  carcinoma  of  both  lobes  with  metastases  in  adjoining  muscles, 
and  lymph  glands,  and  in  the  lungs.   Wdght  of  fresh  gland  about  450  gm. 

I.  per  gram  of  dry  gland:  0-335  n^g™.,  total  about  34.00  mgm. 

I.  per  gram  of  dry  lymph  gland:  0.385  mgm.,  total  about    3.85  mgm. 

I.  per  gram  of  lung  metastases:    0.350  mgm.,  total  about  35.00  mgm. 

Total  iodine  about  72.0  mgm. 

(B)  Same  as  case  A  with  the  difference  of  greater  extent  of  (he  lung  metastases. 
Weight  of  fresh  gland  about  400  gm.    The  iodine  test  on  the  thyroid, 

I       the  lymph  glands,  and  the  lung  metastases  were  all  negative. 

Histological  examinations  were  made  by  Mr,  A.  B.  Luckhardt 
showing  practically  identical  pictures  in  the  two  cases.  The  lung 
metastases  showed  typical  thyroid  acini  with  colloid  in  both  cases,  and 
yet  iodine  was  fairly  abundant  in  one,  and  absent  in  the  other. 

To  the  above  data  may  be  added  the  results  of  our  tests  on  the  thyroids 
of  eleven  normal  foxes,  less  than  one  year  old.  The  weight  of  the  dry 
gland  (both  lobes)  varied  from  0.3  to  0.7  gm.  Total  iodine  in  mgm. 
(t)  0.184;  (2)  0.08;  (3)  0.277;  (4)  0-123;  (5)  0-077;  (6)  negative,; 
(7)  trace;  {8)0.078;  {9)0.046;  (10)  trace;  (11)0.08. 

The  most  striking  thing  in  the  data  on  dogs  is  the  great  individual 
variations,  and  the  number  of  thyroids  in  which  iodine  is  either  absent 

**  The  diagnosis  was  made  by  our  colleague  Dr.  H.  G.  Wells. 
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or  present  in  too  small  quantities  to  be  detected  by  our  method.  Our 
results  correspond  in  general  to  those  of  Marine  and  Williams  on  the 
dogs  of  Cleveland,  with  the  exception  that  they  were  able  to  detect 
iodine  in  the  thyroids  of  all  their  adult  specimens.  All  observers  agree 
that  the  iodine  percentage  of  the  thyroids  is  subject  to  great  variations, 
it  being  absent  or  present  only  in  traces  in  the  new-bom,  and  generally 
increasing  in  quantity  until  maturity.  Marine  and  Lenhart  have  re- 
cendy  endeavored  to  correlate  histological  structure  with  the  iodine 
percentage  in  the  thyroid  of  a  number  of  mammalian  genera.  They 
conclude,  with  Oswald,  that  the  amount  of  iodine  is  roughly  propor- 
tional to  the  amount  of  colloid  in  the  gland.  Active  hyperplasia  is 
therefore  poor  in  iodine,  colloid  goitre  contains  more,  while  normal 
glands  contain  the  highest  iodine  percentage  per  dry  weight.  This  is 
an  important  generalization.  Biit  the  fact  seems  to  us  of  even  greater 
significance  that  in  the  dog  these  different  states  of  histological  structure 
and  iodine  content  are  compatible  with  apparendy  normal  physiological 
conditions  of  the  rest  of  the  organs.  In  other  words,  in  comparing  dog 
and  man,  the  apparent  similarity  of  the  colloid  and  the  hyperplasia 
stages  of  the  thyroids  must  be  put  side  by  side  with  the  equally  striking 
dissimilarity  of  the  "clinical  picture"  exhibited  by  dog  and  man  in 
these  conditions.  It  is  well  known  that  myxedema  may  supervene  on 
exophthalmic  goitre  in  man;  active  thyroid  hyperplasia  in  dogs  not 
only  produces  no  typical  symptoms  of  exophthalmic  goitre,  but  is  not 
known,  so  far  as  we  are  aware,  to  terminate  in  myxedema. 


V.  The  Natube  of  the  Goitres  in  Dogs  in  the  Regiok 
OF  the  Great  Lakes. 

According  to  Marine  and  Williams  thyroid  hyperplasia  is  present  in 
90  per  cent  of  the  dogs  of  Cleveland,  and  over  80  per  cent  of  these  goi- 
tres presents  the  histological  pictiue  of  active  hyperplasia.  The  goitre 
is  equally  prevalent  in  males  and  females.  This  we  can  confirm  for 
the  dogs  of  the  Chicago  region.  Dr.  Werelius  in  this  laboratory  has 
made  an  extended  histological  sur^'ey  of  these  goitres,  finding  about 
the  same  percentage  of  active  hyperplasia  as  that  recorded  by  Marine 
and  Williams.  We  can  also  confirm  the  statement  of  Marine  and  Len- 
hart that  these  dogs  are  to  all  appearances  normal,  save  the  goitre. 
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TABLE  I. 


Iodine  Content  op  o^ 

rE    HUNDRED 

AND    TWO    CO* 

iMON  Street  Dogs  picked  at 

Winter,   Spring,    and  Suuher  of  1909.    Tests  made 

No,  of 
dog. 

Weight  of 
dog,  kg. 

Weighi  of 
fresh  gtands, 

gm. 

Weighi  of 
dried  gtands. 

Iodine,  mgm, 

per  gm.  dried 

gland. 

Total  iodine, 
mgm. 

1 

6.1 

1.51 

negative 

2 

6.6 

15.0 

3.38 

0.072 

6.244 

3 

5.2 

22.0 

5.21 

0.169 

0,882 

4 

5.1 

6.0 

1.7 

0.477 

0.811 

5 

7.2 

.     5.0 

1.46 

0.210 

0.293 

6 

8.5 

7.0 

1.72 

0.154 

0.264 

7 

4.9 

1.15 

0.32 

8 

5.8 

13.0 

2.93 

negative 

.... 

9 

5.9 

2.8 

0.84 

0.216 

0.180 

10 

8.6 

2.75 

0.82 

1.308 

1.094 

11 

5.2 

14 

0.34 

negative 

12 

5.8 

6.1 

1.39 

0.154 

O.IW 

13 

19.6 

25.6 

6.51 

0.508 

3.307 

14 

15.0 

10.2 

2.5 

0.369 

0.924 

15 

13.0 

1.0 

0.508 

0,503 

16 

13.0 

"S.2" 

1.67 

1.801 

3.00 

17 

13.0 

7.0 

1.01 

0.384 

0.385 

18 

11.0 

15.35 

3.03 

0.338 

1.127 

19 

12.0 

3.85 

1.1 

0.076 

0.077 

20 

17.0 

37.45 

10.17 

1.624 

16.523 

21 

18.0 

6.35 

1.68 

0.862 

1.448 

22 

15.0 

10.45 

2.91 

1.678 

4.9S4 

23 

14.0 

2.75 

0.69 

0,539 

0.385 

24 

22.0 

1S.2 

4.08 

0.3S4 

1.445 

25 

9.0 

2.84 

0.83 

0.955 

0,796 

26 

10.0 

35.2 

9.45 

1.647 

15.571 

27 

16.0 

15.75 

4.24 

1.155 

4.987 

28 

8.0 

2.3 

0.50 

negative 

29 

9.0 

2.70 

0.60 

(f344 

6.215 

30 

7.0 

30.8 

7.91 

0.292 

2.021 

31 

5.0 

8.9 

1.98 

0.077 

0.152 

32 

10.0 

16.4S 

3.83 

0.308 

1.179 

33 

10.0 

1.55 

0.49      ■ 

0.677 

0.338 

34 

8.0 

2.75 

0.71 

0.110 

0.092 

35 

8.0 

9.35 

2.16 

0.077 

0.166 

36 

10.0 

31.5 

6.63 

negative 

37 

3.45 

0,66 

0.138 

iism 

38 

12.0 

17.1 

3.85 

0.169 

0.633 

39 

9,0 

93.35 

23.0 

0.169 

3.887 

40 

9.0 

65.5 

10.S9 

negative 

41 

17.0 

85.9 

16.15 

negative 

42 

7.0 

16.3 

3.86 

0.138 

6.534 

42 

10.0 

6.6 

2.08 

1.878 

3.907 

44 

6.0 

5.1 

1.1 

0,070 

0.077 

45 

6.0 

14 

0.37 

0.523 

0.308 

46 

12.0 

3.6 

1.35 

2,64 

3.52 

47 

10.0 

270.0 

80.0 

0.077 

6.16 

48 

7,0 

24 

negative 

49 

12.0 

450.0 

negative 

50 

8.0 

3.0 

O.V 

0,110 

6.092 

51 

6.0 

1.9 

0.020 

0.039 

52 

10.0 

2.1 

0.026 

0.054 

53 

9.0 

1.6 

negative 
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Rahikiu  as 

THEY    WEBS   BROUGHT   TO   TBE    LaBOXATOKY   IN    THE    FALL   OF    1908,    THE 

ACCOBDING    TO    THE    BadMAHK-OswALD  METHOD. 

No.  of 
dog. 

Weighi  of 
dog.Ig. 

Weight  of 

fresh  glands, 

gm. 

Weight  of 
dried  glands. 

Iodine,  mgm. 

Total  iodine. 

S4 

3260 

negative 

55 

50.0 

56 

330.0 

trace 

trace 

S7 

110.0 

23.6 

0.8S 

20,10 

58 

75.0 

16.0 

0.75 

12.00 

59 

98.0 

24.5 

60 

'4.7 

10.0 

1.95 

trace 

61 

5.2 

4.0 

0.55 

62 

5.2 

4.0 

3.09 

negalive 

63 

7.7 

3.0 

0.34 

negative 

64 

3.9 

3.0 

0.29 

negative 

65 

10.6 

6.33 

1.71 

0237 

6.405 

66 

10.3 

3.4 

0.85 

0.169 

0,136 

67 

11.5 

16.93 

5.33 

4.92 

26.223 

68' 

9.0 

823.0 

115.74 

negative 

69 

5.2 

4.22 

1.32 

native 

70 

6.2 

1.98 

0.6 

negative 

71 

5.4 

2.59 

0.58 

6.770 

72 

7.2 

1.75 

0.49 

trace 

73 

4.2 

4.8 

1.59 

74 

5.6 

8.97 

2.88 

0.887 

2.554 

75 

4.6 

17,24 

5.1 

negative 

76 

5.8 

1.42 

0.4 

0.500 

6.'2bb 

77 

6.8 

0.67 

0.27 

78    . 

7.1 

28.35 

7.07 

negative 

79 

5.0 

0.94 

negative 

80 

4.4 

■i.2S 

0.44 

negative 

81 

S.8 

14.65 

4.69 

0.167 

6.Vs7 

82 

4.7 

2,75 

0.87 

S3 

5,4 

2.77 

0.70 

trace 

84 

5.3 

13.54 

3.79 

1.001 

3.793 

85 

5.1 

7.55 

1.58 

S6 

6.2 

0.63 

0.323 

0.215 

87 

6.0 

0.68 

negative 

5.4 

0.26 

0.426 

6.107 

39 

8.2 

79.98 

28.21 

90 

12.5 

8.01 

2.59 

0.558 

1.446 

91 

12.0 

7.93 

1.97 

trace 

92 

10.0 

10,20 

3.28 

0,663 

2.172 

93 

10,0 

2.22 

0.55 

negative 

9* 

10.1 

16.53 

3.66 

95 

6.4 

5,49 

1.25 

trace 

trace 

96 

5,8 

1.26 

0.800 

1.009 

97 

5.7 

0.54 

trace 

98 

6.4 

1,14 

0.134 

0.154 

99 

16,2 

3.44 

0.483 

1.661 

100 

6.2 

1.65 

0,201 

0.338 

101 

5.5 

6.20 

negative 

102 

i.o 

0.58 

1.040 

0.612 

'  No.  61 

was  cystic  g< 

Hire  containing  500  c.c.  fluid.    The  Irat  tor  iodine  on  this 

fluid  wu  n 

egBlive. 
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The  general  appearance  of  the  dogs  and  the  equal  prevalence  of  the 
hyperplasia  in  both  sexes  seem  to  indicate  thai  the  goitres  are  of  the  simple 
or  benign  type,  despite  the  apparent  hyperplasia  of  the  glands  themselves. 
Moreover,  exophthalmic .  goitre  in  man  is  not  especially  prevalent  in 
endemic  goitre  districts.  Some  have  even  claimed  that  the  toxic  goitre 
is  more  prevalent  on  the  seacoast.  Marine,  in  identifying  the  active 
hyperplasia  in  these  dog  goitres  with  exophthalmic  goitre  in  man,  has 
drawn  far-reaching  physiological  conclusions  from  histological  premises 
and  with  too  little  emphasis  on  the  obvious  physiological  facts. 

Little  or  nothing  is  known  as  to  the  etiology  of  these  dog  goitres. 
The  Great  Lakes  region  does  not  appear  to  be  an  endemic  goitre  dis- 
trict for  man  especially  or,  so  far  as  we  know,  for  any  mammal  besides 
the  dog.  We  have  never  seen  palpable  goitres  or  even  undoubted 
thyroid  enlargements  in  cats  in  this  city,  and  we  have  examined  several 
hundred  cats  during  the  past  three  years.  The  cats  certainly  drink  the 
same  water,  breathe  the  same  air,  and,  in  general,  eat  the  same  kind  of 
foods  as  the  dc^.  Yet  the  goitre  is  present  in  90  per  cent  of  the  one 
species  and  practically  absent  in  the  other. 

It  is  well  known  that  partial  removal  of  the  thyroid  leads  in  many 
cases  to  hypertrophy  of  the  remainder  of  the  gland.  This  is  probably 
a  compensatory  hypertrophy.  The  histological  picture  of  this  hyper- 
trophy is  very  similar  to  the  type  of  goitre  designated  as  active  hyper- 
plasia, and  on  this  basis  Marine  and  Lenhart  conclude  that  all  active 
thyroid  hyperplasia  is  a  compensatory  hypertrophy.  This  physiological 
generalization,  again,  is  based  mainly  on  histological  evidence,  and 
appears  to  run  counter  to  some  generally  accepted  observations : 

I.  In  the  first  place,  if  all  thyroid  hyperplasia  (not  including  tumors) 
is  compensatory  hypertrophy  pure  and  simple,  partial  or  complete  re- 
moval of  hyperplasia  thyroids  in  man  ought  to  aggravate  the  symptoms 
of  tachycardia,  emaciation,  and  nervousness  of  exophthalmic  goitre. 
In  fact;  on  that  hypothesis  the  surgical  treatment  of  exophthalmic 
goitre  is  distinctly  contra-indicated  and  would  constitute  one  of  the  most 
solemn  tragedies  in  the  history  of  medicine.  That  procedure  itself 
ought  to  have  demonstrated  the  falsity  of  the  theory  of  Moebius.  Now, 
this  is  not  the  case.  The  literature  certainly  shows  that  in  human  ex- 
ophlhahnic  goitre  where  the  malady  has  not  proceeded  to  too  great 
exhaustion  of  the  patient,  partial  removal  of  the  thyroid  leads  in  the 
majority  of  cases  to  a  more  or  less  rapid,  even  if  only  temporary,  diminu- 
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tion  of  the  symptoms,  and  in  no  case  to  undoubted  aggravation  of  the 
symptoms.  The  high  death  rate  from  operations  in  very  extreme  cases 
is  probably  not  due  primarily  to  the  partial  removal  of  the  thyroid, 
but  would  result  from  the  general  anxsthesia  and  operation  on  any 
other  organ. 

2.  In  the  majority  of  cases  of  exophthalmic  goitre  thyroid  adminis- 
tration intensifies  some  or  all  of  the  symptoms,  while  on  the  compensa- 
tory hypothesis  it  ought  to  alleviate  the  svmptoms. 

3.  If  all  thyroid  hyperplasia  is  a  compensatory  hypertrophy,  removal 
of  all  thyroid  tissue  in  normal  animals  ought  to  produce,  pHmarily  at 
least,  the  symptoms  of  exophthalmic  goitre.  Marine  and  Lenhart 
seem  to  think  that  such  Is  the  case,  and  they  refer  to  the  indications  of 
increased  excitability  In  completely  thyroidectomized  monkeys  in  sup- 
port of  their  contention.  The  unsettled  problem  of  the  relation  between 
the  thyroid  and  the  parathyroid  is  a  disturbing  factor  in  deciding  this 
point,  but  the  verdict  of  the  literature  seems  to  be  to  the  effect  that  the 
removal  of  the  thyroids  proper  produces  none  of  the  cardinal  symptoms 
of  exophthalmic  goitre  in  experimental  animals.  This  we  can  affirm 
on  the  basis  of  our  own  work  in  the  case  of  pigeons,  rats,  mice,  and 
rabbits,  and  in  some  instances  in  foxes.  It  is  an  op>en  question  whether 
complete  thyroidectomy  can  be  made  in  camivora  (dogs,  foxes,  and 
cats)  without  removal  of  most  of  the  parathyroids  at  the  same  time, 
but  the  workers  who  claim  they  can  and  have  done  so  state  that  no 
other  symptoms  are  produced  than  a  gradual  onset  of  myxedema,  and 
even  these  appear  to  be  absent  in  many  cases.'* 

As  regards  the  primary  symptoms  of  thyroidectomy  in  monkeys,  we 
can  state,  on  the  basis  of  our  own  work,  that  tremors  and  convulsions 
may  occur,  but  there  is  no  tachycardia  or  emaciation.  And  it  must  be 
remembered  that  in  these  operations  the  parathyroids  are  also  removed, 
hence  the  transient  tremore  may  be  due  to  that  cause  alone. 

The  fact  of  hypertrophy  of  thyroid  remnants  in  normal  animals  in- 
dicates the  need  under  normal  conditions  of  the  thyroids  or  their  products, 
but  there  is  no  evidence  that  failure  to  meet  this  need  in  the  otherwise 
normal  animal  leads  primarily  to  the  symptoms  of  exophthalmic  goitre. 

4.  Experimental  hyperthyroidism,  so  far  as  it  goes,  seems  to  support 
the  theory  of  Moebius.    In  man  as  well  as  in  experimental  animals 

'*  Vincent  and  Jolly:  Journal  of  physiology,  1906,  xxzir,  p.  395;  UNDEBmu. 
and  Huj>ircH:  This  journal,  1909,  xxv,  p.  43. 
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th>Toid  admintslration  augments  the  oxidati%'e  processes  and  tbus  leads 
primarily  to  loss  of  body  weight.  It  appears  not  to  be  definitely  de- 
termined whether  it  also  leads  to  increased  nitrogen  eUmlnation.'*  Id 
the  human  it  is  said  to  produce  tachycardia  and  nen'ousness.  Tempo- 
rary tachycardia  is  also  produced  in  d(^5.  It  would  thus  seem  that 
thyroid  administration  reproduces  in  a  mild  form  the  three  main  symp- 
toms of  exophthalmic  goitre.  But,  so  far  as  we  are  aware,  the  conditicm 
of  extreme  exophthalmic  goitre  in  the  hiunan  has  never  been  produced 
experimentally  by  thyroid  administration  in  any  animal  Himt  failed 
lo  detect  thyroid  substances  in  the  blood  of  guinea  pigs  after  excesave 
thyroid  administration,  a  fact  that  has  been  confirmed  by  Mr.  Lussky 
in  our  laboratory.  The  work  of  von  Fiirth  and  Schwarz  seems  to  indi- 
cate the  development  of  immunity  or  tolerance  to  th>Toid  substance, 
administered  subcutaneously,  in  normal  dogs.  These  facts  seem  to  in- 
dicate that  the  etiology  of  the  symptom  complex  of  exophthalmic  goitre 
in  man  is  too  complex  for  any  one  of  the  hypotheses  so  far  advanced. 
Unfortimately,  exophthalmic  goitre  is  rare  in  experimental  animals. 
Nothing  is  known  as  regards  its  occurrence  in  monkeys  in  their  wild 
state.  But  it  seems  to  us  that  some  light  ought  to  be  shed  on  the  ques- 
tion by  a  more  extensive  study  of  the  effects  of  excessive  thyroid 
administration  in  birds  and  mammals  covering  longer  periods  than  has 
so  far  been  carried  out. 


VI.  The  Relation  of  the  Thyroid  to  the  Parathykoid  and 
THE  Significance  of  the  Thyroid  and  the  Parathyroid 
Colloid. 

We  do  not  propose  to  go  into  any  detailed  discussion  of  the  litera- 
ture on  the  physiological  relation  of  the  thyroid  and  the  parathyroid, 
as  this  has  recendy  been  done  by  Forsyth,*'  and  to  some  extent  also 
by  MacCallum  and  Voegtlin."  The  data  are  contradictory  as  regards 
structure,  chemistry,  and  function.  It  seems  to  us  that  the  question  of 
the  relation  between  the  thyroids  and  the  parathyroids  is  inseparable 

"  SchOndorff;  Archiv  fUr  die  gesammte  Physiologic,  1897,  Ixvii,  p.  395. 
"  Forsyth:  Quarterly  journal  of  medidne,  1908,  ii,  pp.  150,  287. 
"  MacCallum   and  Voegtun:  Journal  of   experimental    medicine,   1908,  xi, 
p.  ttS. 
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from  that  of  the  significance  of  the  thyroid  colloid,  because  young 
thyroids  and  in  most  cases  the  parathyroids  appear  to  function  without 
colloid  production. 

I.  StruGtoiA.  —  Kishi,"  Vincent  and  Jolly,"  and  Forsyth  maintain 
that  we  have  at  present  no  nucrochemical  criterion  which  will  enable 
us  to  differentiate  young  thyroid  tissue,  the  interfollicular  layers  of 
cells  in  adult  thyroids  and  parathyroid  tissue.  There  seems  to  be,  for 
the  present,  no  escape  from  that  position.  The  only  distinguishing 
featiu%  appears  to  be  the  follicular  arrangement  and  the  colloid  and 
possibly  the  presence  of  droplets  of  fats  in  parathyroid  cells.  But  that 
does  not  apply  to  the  thj-roids  of  the  new-bom,  as  in  these  neither  fol- 
licular structure  nor  colloid  is  present.  Follicular  structure  and  colloid 
are  also  present  in  many  cases  in  the  parathyroids  themselves,  Vincent 
and  Jolly,  and  Forsyth  cite  many  examples.  Krause  ^  found  this 
condition  ordinarily  in  the  -posterior  pair  of  parathyroids  in  the  rabbit. 
Rulison  "  found  colloid-filled  follicles  in  two  out  of  seventeen  human 
parathyroids.  Forsyth  claims  that  the  accessory  parathyroids  are 
gradually  changed  into  typical  thyroid  tissue.  Halpenny  and  Thom- 
son *'  traced  the  transformation  of  the  parathyroids  into  typical  thyroid 
tissue  following  extirpation  of  the  thyroids.  This  last  experiment  sug- 
gests that  the  transformation  is  of  a  compensatory  nature.  And,  lastly, 
both  follicular  structure  and  colloid  are  absent  in  certain  physiological 
states  of  the  adult  thyroid.  The  question  of  correspondence  in  the  struc- 
tural changes  in  the  two  gland  groups  in  myxedema  and  goitre  is  an 
open  one,  Forsyth  claiming  that  the  parathyroids  do,  and  Marine  and 
Lenhart  that  they  do  not,  change  pari  passu  with  the  thyroid. '  Haber- 
feld  and  Schilder "  describe  compensatory  hypertrophy  in  the  para- 
thyroids of  rabbits.  To  recapitulate:  follicular  structure  and  colloid 
are  generally,  but  not  always,  present  in  the  thyroids;  they  are  gener- 
ally, but  not  always,  absent  in  the  parathyroids;  parathyroid  tissue 
may  be  transformed  into  typical  thyroid  tissue  and  vice  versa,  at  least 
as  regards  structure. 

**  Kism;  VtRCHOw's  Archiv,  1904,  dxxvii,  p.  360;  1906,  xzxiv,  p.  395. 

**  Vincent  and  Jolly:  Jaumal  of  physiology,  1904,  zzzii,  p.  65. 

"  Krause:  Anatorriie  des  Kaninchens,  p.  313. 

••  Rulison:  Anatomical  record,  1909,  iii,  p.  399. 

"  Halpenny  and  Thomson:  Anatomische  Anzeiger,  1909,  icodv,  p.  376. 

*■  Habekfeld  and  Schilder:  Miueilungen  aus  den  Greozgebieten  der  Medizin 
und  Chinvgie,  1909,  xx,  p.  737. 
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2.  Ohemiatey.  —  Iodine  has  been  reported  both  present  and  absent 
in  the  parathyroids.  Both  series  of  results  are  in  all  probabiUty  correct. 
Since  part  of  the  iodine  of  the  thyroid  complex  seems  to  be  fairly  defi- 
nitely related  to  the  colloid,  it  is  possible  that  the  p)ositive  results  re- 
ported were  obtained  on  parathyroids  relatively  rich  in  colloid.  Iodine 
is  ordinarily  present  in  the  adult  thyroid,  but  it  may  be  absent."  It  is 
ordinarily  absent  in  the  thyroids  of  the  young  or  the  new-born.  It  may 
be  present  in  the  gland  in  the  absence  of  colloid. 

The  physiologically  active  principles  or  secretions  of  the  glands  ap- 
pear to  be  different.  In  the  case  of  the  parathyroids  it  appears  to  be  a 
nucleo-protein  (Bcebe,  ^acCallum,  and  Voegtlin) ;  in  the  case  of  the 
thyroid  it  is  commonly  held  to  be  an  iodized  globulin  (Baumann).  But 
neither  of  these  two  conclusions  is  established.  The  present  tests  for 
the  thyroid  secretions  may  be  primarily  tests  for  iodine;  and  the  tests 
for  the  parathyroid  secretions  are  as  yet  insufficiently  controlled. 

3.  Fanctioii.  —  There  is  no  doubt  that  in  many  animals  the  removal 
of  the  parathyroid  leads  to  a  series  of  symptoms  usually  designated  as 
parathyroid  tetany,  generally  ending  in  death.  Depression  appears  to 
be  an  equally  important  factor  in  the  symptom  complex."  But  in  most 
camivora  one  cannot  be  sure  that  all  the  parathyroid  tissue  is  removed 
without  removing  at  the  same  time  practically  all  the  thyroid  tissue. 
And  the  fact  that  isolated  groups  of  thyroid  and  parathyroid  cells  may 
be  lodged  anywhere  between  the  level  of  the  base  of  the  tongue  and  that 
of  the  diaphragm  makes  it  impossible  to  affirm  that  all  thyroid  tissue 
has  been  removed  in  any  one  case,  as  serial  section  of  the  neck  and 
whole  (!hest  region  is  practically  out  of  the  question  even  in  our  smallest 
adult  mammals.  Thus,  whether  temporary  or  fatal  symptoms  do  or 
do  not  follow  extirpation  of  all  discoverable  parathyroid  tissue,  in  neither 
case  can  we  affirm  that  aU  parathyroid  tissue  had  been  removed. 

Vincent  and  Jolly  obtained  typical  tetany  symptoms  in  a  certain  per- 
centage of  dogs  and  cats  on  removal  of  the  thyroids  alone,  but  in  our 
experience  this  is  very  difEcult  to  accomplish  in  these  animals  without 
great  injury  to  or  removal  of  the  parathyroids,  and  most  of  the  recent 
workers  conclude  that  simple  thyroidectomy  in  dogs  and  cats  results 
only  in  the  gradual  development  of  cretinoid  conditions.  Our  own 
results  show  that  at  least  in  pigeons,  rats,  mice,  and  rabbits,  thjroid 

•*  Hunt  and  Sehiell;  Hygienic  Laboratory,  Bulletin  No.  47,  1909,  pp.  3a-4S. 
"  Cablson  and  Jacobson:  This  journal,  1910,  ixv,  p.  403. 
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extirpation  does  not  produce  any  of  the  tetany  symptoms,  but  these 
symptoms  may  be  absent  in  rodents  even  after  extiqiation  of  all  de- 
tectible  parathyroid  tissue." 

The  grafting  experiments  of  Halsted  "  seem  to  indicate  a  degree  of 
functional  independence  of  the  parathyroids,  the  graft  not  taking  imless 
a  specific  parathyroid  insufficiency  had  been  produced,  but  the  work  of 
Thomson,  Leighton,  and  Swartz  **  points  even  more  strongly  to  vicarious 
function  or  interchange  of  function,  as  the  transplantation  of  a  portion 
of  the  thyroid  into  the  red  bone  marrow  in  dogs  prevents  the  tetany 
and  allied  symptoms  on  extirpation  of  all  the  parathyroids. 

Myxedema  and  cretinism  have  never  been  produced  by  parathyroid 
insufficiency,  but  that  may  be  due  to  the  fact  tnat  death  supervenes  too 
rapidly  for  these  conditions  to  develop.  */ 

Both  thyroid  and  parathyroid  have  this  in  common,  that  they  become 
of  gradually  less  importance  or  rather  less  essential  to  the  oi^anism 
with  age.  But  one  of  the  most  troublesome  factors  is  the  variable  effects 
of  hyf)othjToidism  in  adults  in  the  different  groups  of  vertebrates,  as 
well  as  in  individuals  of  the  same  group.  Myxedema  in  man  is  generally 
considered  to  be  due  to  thyroid  insufficiency,  but  these  symptoms  do 
not  always  follow  extirpation  of  the  glands  in  otherwise  normal  birds 
and  mammals.  The  conclusions  of  Vincent  and  Jolly  on  this  point  may 
be  criticised  on  the  score  that  they  did  not  keep  their  animals  for  a  suffi- 
cient length  of  time  after  the  operations.  But  our  own  results  show 
that  myxedema  does  not  develop  in  thyroidectomized  rabbits  at  least  in 
seven  months.  We  have  at  present  in  our  laboratory  a  rhesus  monkey 
on  which  the  o[>eration  of  (presumably)  complete  thyroidectomy  was 
performed  October  la,  1909,  but  there  is  to  date  no  evidence  of  even 
incipient  myxedema.  While  thyroid  insufficiency  in  the  young  appears 
to  cause  arrest  of  growth  and  cretinoid  conditions  in  all  species  studied, 
in  adults  hypo-  and  hyperthyroidism  appear  to  have  most  pronounced 
effects  in  the  human  species. 

Two  facts  seem  to  be  indicated  by  the  above  brief  review,  namely : 
I.  The  structure  of  the  thyroids  and  the  parathyroids  is  primarily  the 

**  Habesteld  and  ScmLDER:  MitteJlungeo  aus  den  Grenzgcbieten  der  Medizin 
und  Chinigie,  1909,  xx,  p.  717. 

"  Halsted:  Journal  of  eiperimental  medidne,  1909,  zi,  p.  175. 

"*  Thomson,  Leichton,  and  Swastz:  Jounud  of  medical  rMcarch,  1909,  m, 
P-  I3S- 
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same,  and  even  in  the  adult  state  the  one  may  become  transformed  into 
the  other;  2.  There  is  probably  both  quantitative  and  qualitative  dif- 
ferences in  their  function.  This  relation  between  the  thyroid  and  the 
parathyroid  thus  appears  to  be  similar  to  that  between  the  Islands  of 
Langerhans  and  the  ordinary  parenchyma  in  the  pancreas,  as  revealed 
by  the  recent  work  of  Dale,**  and  of  Vincent  and  Thomson.**  The  fact 
that  the  one  type  of  gland  can  be  transformed  into  the  other  does  not 
argue  against  qualitative  difference  in  their  function.  But  are  we  forced 
to  assume  such  a  difference,  even  in  part,  in  the  case  of  the  thyroid  and 
the  parathyroid  ?  It  seems  so,  at  present.  It  does  not  seem  possible 
to  account  for  all  the  facts  on  the  basis  of  difference  of  degree  alone, 
however  tempting  such  an  hypothesis  may  be.  Thus  the  older  view 
that  the  parathyroids  are  merely  young  or  embryonic  thyroids  might 
be  coupled  with  the  fact  that  the  importance  of  the  thyroid  to  the  or- 
ganism diminishes  with  age  or  degree  of  differentiation  of  the  gland. 
The  thyroid  cells  might  thus  be  conceived  of  as  undergoing  progressive 
differentiation  from  embryonic  or  parathyroid  condition  to  the  state 
of  the  interfollicular  cells  of  the  thyroid,  and  these  again  into  the  fol- 
licular cells  whose  life  is  about  to  end  in  colloid  degeneration.  This 
might  account  for  the  rapid  and  severe  effects  of  the  removal  of  the 
young  gland  (parathyroid)  as  compared  with  the  much  less  severe  and 
more  gradually  developing  symptoms  following  removal  of  the  older 
gland  (thyroid).  But  the  two  series  of  effects  are  so  different  as  to  sug- 
gest more  than  a  difference  in  degree  of  gland  insufficiency.  It  is  indeed 
probable  that  even  under  normal  conditions  the  cells  of  the  parathyroids 
do  a  portion  of  the  work  of  the  thyroids  and  vice  versa,  but  this  point 
is  not  capable  of  proof  by  our  present  methods  because  of  the  small 
fraction  of  the  normal  glands  that  suffices  for  the  maintenance  of  the 
normal  physiological  equilibrium. 

4.  Tho  Bigniflcanca  of  tli«  colloid.  —  We  have  seen  that  the  colloid 
is  generally  absent  in  the  parathyroids,  in  young  thyroids,  and  in  certain 
conditions  of  thyroid  hyperplasia.  This  seems  to  show  that  follicular 
structure  and  colloid  is  not  a  sine  qua  non  for  thyroid-parathyroid 
functioning.  But  the  question  still  remains  as  to  the  physiology  of  the 
colloid  when  present.    The  colloid  has  probably  a  double  origin,  namely, 

**  Dale:  Philosophical  transactions  of  the  Royal  Society,  1904,  cxcvii,  p.  35. 
**  ViKCENT   and   Thouson:    Intentationale  Monatsschrift  fUr   Anatomic  and 
Physiologic,  1907,  ixiv,  p.  61. 
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(i)  actually  secreted  by  the  follicular  cells,  (2)  produced  by  colloidal 
degeneration  of  the  follicular  cells.  The  latter  process  is  similar  to  the 
mechanism  of  secretion  in  the  sebaceous  glands.  It  has  already 
been  pointed  out  that  the  view  of  LangendorfF  and  Hurthle  as  to  the 
presence  of  canals  between  the  follicular  cells  serving  as  outlets  for  the 
colloid  is  untenable.  In  order  lo  reach  the  lymph  and  the  blood  the 
colloid  must  therefore  pass  back  through  the  same  cells  that  secreted 
it  originally.  That  this  actually  occurs  is  shown  by  the  glands  in  active 
hyperplasia  free  from  the  colloid,  as  it  is  known  that  this  condition  may 
supervene  on  both  normal  and  colloid  glands.  We  do  not  know  what 
changes  the  colloid  undei^oes  in  the  process  of  absorption  and  reverse 
elimination  by  the  follicular  cells. 

So  far  as  we  are  aware,  the  thyroid  colloid  is  the  only  instance  in  the 
whole  animal  kingdom  where  a  supf)osed  physiological  secretion  is  first 
eliminated  from  the  cells  in  one  direction,  then  absorbed  by  the  same 
ceUs  and  eliminated  in  the  reverse  direction.  This  process  resembles 
that  of  formation,  resolution,  and  absorption  of  pathological  exudates 
and  transudates,  or  the  removal  of  intracellular  by-products  and  waste 
deposits.  It  is  true  that  in  the  intestines  water  and  some  solids  in  solu- 
tion probably  pass  in  either  direction  through  the  same  epithelial  cells, 
but  these  substances  are  not  specific  products  of  the  cells.  Colloid  is 
formed  in  the  pars  intermedia  of  the  hypophysis,"  but  this  colloid  does 
not  double  back  on  its  route  of  elimination  like  the  thyroid  colloid. 

Even  if  we  assume  that  the  colloid  constitutes  or  contains  the  essen- 
tial gland  secretions,  the  fact  that  it  has  to  be  reabsorbed  and  pass  in 
the  reverse  direction  through  the  living  cells  leaves  it  an  open  question 
in  what  form  these  secretions  ultimately  reach  the  blood.  On  this  view 
the  colloid  would  be  in  reality  storage  material  destined  to  be  elaborated 
to  physiologically  important  secretions  by  the  gland  cells,  analogous  to 
secretion  granules  or  proferments.  If  this  is  a  correct  interpretation, 
it  is,  again,  the  only  instance  in  the  animal  kingdom  where  such  mate- 
rial is  stored  up  inter celltdarly.  Iron,  glycogen,  and  fat,  substances 
stored  extensively  in  different  organs,  are  all  stored  iniraceUvlarly. 

The  fact  that  the  iodine  storage  capacity  of  the  thyroid  appears  to 
be  in  general  proportional  to  the  colloid  content  and  that  active  hyper- 
plasia in  dogs  can  be  quickly  transformed  into  colloid  goitre  by  the  ad- 
ministration of  iodine  (Marine  and  Lenhart)  suggests  the  detoxication 

**  Heriung:  Quarterly  journal  of  experimental  physiology,  1908,  i,  p.  187. 
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hypothesis  of  von  Cyon.  Iodine  in  all  forms  when  in  sufficient  quantity 
is  a  poison  to  the  organism.  And  the  mechanism  of  immediate  protec- 
tion appears  to  be  its  fixation  in  the  tissues  rather  than  its  elimination 
in  the  urine.  Now,  the  fact  is  that  all  other  tissues  appear  to  fix  the 
iodine  without  the  aid  of  any  colloid.  But  this  is  no  serious  objection 
to  the  detoxication  hypothesis,  since  the  same  can  be  done  by  the  thy- 
roid. And  it  is  significant  that  normal  and  colloid  thyroids  are  appar- 
ently capable  of  fixing  more  iodine  per  quantity  of  tissue  than  any 
other  oi^an  in  the  body.  The  iodine  fixation  by  other  organs  does 
not  appear  to  have  any  significance  in  relation  to  the  specific  functions 
of  the  organs.  This  apparent  special  device  for  iodine  detoxication  or 
iodine  storage  in  the  thyroid  may  suggest  such  a  relation,  but  it  does 
not  prove  it.  The  hypothesis  would  explain  the  appearance  of  active 
hyperplasia  on  iodine  starvation,  but  it  runs  counter  to  the  equally  im- 
portant fact  of  the  abundance  of  colloid  without  a  trace  of  iodine. 
Moreover,  the  microchemically  identical  colloid  of  the  pars  intermedia 
of  the  hypophysis  appears  to  have  no  specific  iodine  fixation  proper- 
ties." Our  own  tests  for  iodine  on  ox  hypophysis  obtained  from  the 
Chicago  stock  yards  have  all  given  negative  results. 

When  one  examines  the  enonnously  enlarged  and  irregularly  shaped 
colloid  follicles  of  certain  types  of  goitre,  one  can  hardly  refrain  from 
classifying  them  with  pathological  processes  and  cyst  formations;  but 
this  hypothesis  seems  untenable  when  the  field  is  shifted  to  the  normal 
thyroid  vfiih  its  regular  foUides.  It  seems  far  fetched  to  look  upon 
them  as  incipient  cysts. 

The  thyroid  colloid  thus  presents  one  of  the  most  unique  and  bafHing 
problems  in  the  organ  physiology  of  animals.  No  aid  in  its  interpreta- 
tion has  so  far  been  obtained  from  the  colloid  of  the  hypophysis  because 
the  experiments  of  Schafer  and  Herring  **  are  not  conclusive,  in  view 
of  Halliburton's"  and  of  Cushing's  results.'*  No  hypothesis  advanced 
to  account  for  its  function  seems  consistent  with  all  the  facts  so  far 
known.  But  this  much  seems  clear  —  too  great  emphasis  has  been 
placed  on  the  supposed  essential  relation  of  the  colloid  to  the  special 

"  SiupsoN  and  Hunter:  Proceedings  of  the  Society  for  Experimental  Biology 
and  Medicine,  1909,  vii,  p.  ii;  Halubukton,  Chandles  and  Sixes:  Quarterly 
journal  of  experimental  physiology,  1909,  ii,  p.  289. 

"  Schafer  and  Herring:  Philosophical  transactions,  1906,  cxdx,  B,  p.  i. 

*  Reeord  and  Cushimc:  Johns  Hopluns  Hospital  Bulletin,  1909,  xx,  p.  105. 
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secretions  of  the  glands.  The  glands  appear  most  essential  in  the 
young  when  they  contain  little  or  no  colloid ;  they  function  normally 
as  well  as  in  condition  of  active  hyperplasia  with  little  or  no  colloid, 
and  there  is  little  evidence  that  the  great  mass  of  interfoUicular  cells 
take  any  part  in  the  colloid  production. 


VII.    SOMUARY. 

Lymph  prodnctlon  in  th«  thyroidi. 

1.  The  lymph  production  in  the  normal  thyroid  is  relatively  slight. 
It  is  less  than  in  salivary  glands  of  corresponding  size.  In  average- 
sized  dogs  with  normal  thyroids  it  is  estimated  that  less  than  2  c.c.  of 
thyroid  lymph  is  emptied  into  the  blood  in  twenty-four  hours. 

2.  All  types  of  thyroid  enlargement  (including  tumors)  are  accom- 
panied by  increased  output  of  lymph  from  the  thyroids.  The  increased 
lymph  output  is  roughly  proportional  to  the  ^ze  of  the  gland,  and  seems 
therefore  to  be  correlated  with  growth  and  blood  supply.  There  is  no 
relation  between  iodine  content  of  the  glands  and  the  lymph  production. 
Whether  there  is  any  correlation  between  the  lymph  production  and  the 
specific  gland  activities  remains  an  open  question.  In  goitres  of  the  size 
of  a  kidney  or  the  spleen  the  lymph  production  is  much  greater  than 
in  the  latter  organs.  In  large  goitres  the  quantity  of  the  thyroid  lymph 
poured  into  the  blood  in  twenty-four  hours  is  greater  than  that  secreted 
in  normal  thyroids  in  the  course  of  a  whole  week. 

3.  So  far  as  examined  the  general  character  of  the  goitre  lymph 
appears  to  be  the  same  as  that  of  the  common  neck  lymph,  except  that 
it  contains  fewer  lymphocytes.  In  cystic  goitres  it  may  contain  traces 
of  the  cystic  fluid. 

TbTToid  sseratioiiB  in  thTToid  lymph. 

4.  Chemical  tests  for  iodine  in  thyroid  lymph  were  negative.  Iodine 
compounds  are  either  absent  or  present  in  too  minute  traces  for  chemical 
deti-ction.  Evidence  is  cited  showing  that  the  relation  of  iodine  to  the 
thyroid  secretions  is  yet  an  open  question. 

>;.  Intravenous  injections  of  thyroid  lymph  in  dogs  under  anssthesia 
have  no  speci&c  effects  on  the  circulation.  Evidence  is  cited  that  thyroid 
extracts  so  far  prepared  have  no  specific  action  on  the  circulation. 

6.  Intravenous  injections  of  thyroid  lymph  in  dogs  not  under  anxs- 
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thesia  causes  a  temporary  rise  in  the  temperature,  and  in  most  cases 
some  augmentation  and  irregularity  of  the  pulse.  The  same  effects 
are  produced  by  the  injection  of  blood  from  the  same  dogs.  These 
effects  are  therefore  probably  non-specific  and  cannot  be  identified  with 
symptoms  of  hyperthyroidism. 

7-  Complete  elimination  of  the  thyroid  and  parathyroid  lymph  for 
thirty-six  to  forty-eight  hours  in  normal  foxes  doles  not  induce  the  symp- 
toms of  thyroid-parathyroidectoray. 

8.  The  aceto-nitrile  test  of  Hunt  on  thyroid  lymph  gave  imiform 
negative  results.  The  results  of  Hunt  on  feeding  mice  with  thyroid 
preparations  are  confirmed.  But  the  mice  fed  on  thyroid  lymph  showed 
no  increased  immimity  to  the  aceto-nitrile.  Evidence  is  cited  showing 
that  the  aceto-nitrile  test  is  probably  a  test  for  iodine  compound  in 
general  rather  than  a  test  for  specific  thyroid  secretions. 

9.  Complete  thyroidectomy  in  foxes  leads  to:  (i)  tetany,  cachexia, 
and  death;  (2)  tetany  and  depression  followed  by  complete  recovery 
as  long  as  observed  (two  to  four  months) ;  (3)  no  symptoms  either  of 
tetany  or  myxedema  for  at  least  one  to  four  months.  The  significance 
of  the  individual  and  generic  variations  in  the  resistance  to  thyroid- 
parathyroid  deficiency  is  discussed. 

Tb«  uitiiT*  of  ths  dog  goitroB  in  tha  QrMt  Lak«B  tagion  ia  tho  United 
Stetes. 

10.  The  iodine  content  of  the  thyroids  is  extremely  variable.  Iodine 
may  or  may  not  be  present  in  thyroid  carcinoma  and  in  the  lung  and 
lymph  gland  metastases.  Iodine  may  be  absent,  or,  more  accurately, 
not  priesent,  in  detectable  quantities  in  the  thyroids  of  dogs  which  to 
all  appearance  are  normal  animals. 

11.  The  percentage  of  active  hyperplasia  in  dog  goitre  in  the  Chicago 
region  is  about  the  same  (Werelius)  as  that  recorded  for  the  Cleveland 
region  (Marine).  The  Lakes  region  appears  to  be  an  endemic  goitre 
district  mainly  for  dogs.    It  certainly  is  not  a  goitre  region  for  cats. 

13.  These  dogs  with  active  thyroid  hyperplasia  according  to  histo- 
logical criteria  exhibit  none  of  the  symptoms  of  exophthalmic  goitre  in 
man.  There  is  no  relation  of  these  goitres  to  sex.  The  dogs  are  to  all 
appearance  normal,  save  the  goitre.  These  dog  goitres  thus  seem  to 
resemble  simple  or  benign  goitres  in  man,  despite  the  structure  of  the 
thyroids  themselves. 


Digitized  byGoOgIC 


On  the  Internal  Secretion  of  the  Thyroid  Gland.     67 

13.  Evidence  is  cited  rendering  Marine's  hypothesis  of  compensatory 
hypertrophy  as  the  essential  factor  in  all  active  hyperplada  of  the  thy- 
roids insufficient  and  untenable. 

Th«  slgnifleuice  of  the  thyroid  moA  puftthyrold  colloid. 

14.  Evidence  is  cited  showing  (i)  that  the  thyroid  may  assume  para- 
thyroid structure  and  function  and  vice  versa,  and  (3)  that  there  is  in 
all  probability  both  a  quantitative  and  qualitative  difference  in  function 
of  the  thyroid  and  the  parathyroid  under  normal  conditions. 

15.  Evidence  is  cited  showing  that  both  thyroid  and  parathyroid 
perform  their  functions  with  or  without  colloid  or  iodine  in  the  glands; 
and  that  the  present  hypotheses  concerning  the  relation  of  the  colloid 
to  the  specific  thyroid  and  parathyroid  activities  have  little  or  no  basis 
in  fact. 

The  prtb  ol  ftbaorptloii  ol  tho  thTtold-parkthyrold  aaaoUoa. 

16.  We  have  as  yet  no  undoubted  or  adequate  test  for  the  thyroid- 
parathyroid  secretions  in  the  body  fluids.  When  such  tests  are  dis- 
covered, it  will  in  all  probability  be  foimd,  in  view  of  what  is  now  known 
concerning  the  distribution  and  paths  of  absorption  of  all  other  internal 
secretions,  that  these  secretions  are  more  concentrated  in  the  blood  than 
in  the  lymphs,  and  that  they  enter  the  blood  directly  rather  than  in- 
directly through  the  gland  lymphatics. 
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CONTRIBUTIONS  TO  THE  PHYSIOLOGY  OF  LYMPH.— 
XIL  METHODS  OF  INDUCING  THE  APPEARANCE 
OF  POLYMORPHONUCLEAR  LEUCOCYTES  IN  THE 
LYMPH. 

By  J.  R.  GREEN. 
[From  Ihe  SuU  Physidogkai  Labaralory  of  the  University  of  Chicago^ 

I.   Introduction. 

THE  work  here  reported  was  undertaken  at  the  suggestion  of  Pro- 
fessor Carlson  with  the  view  of  devising  some  method  for  de- 
termining the  relation  of  the  polymorphonuckar  leucocytes  to  enzymes 
and  antibodies  in  the  blood  and  lymph. 

Normal  lymph  does  not  contain  jxilymorphonuclear  cells.'  Will 
there  be  any  qualitative  or.  quantitative  change  in  the  lymph  with  the 
introduction  of  polymorphonuclear  leucocytes  under  conditions  not 
involving  injury  to,  or  a  changed  physiological  state  in,  the  blood  and 
lymph  capillaries?  Is  it  possible  to  induce  the  appearance  of  poly- 
morphonuclear leucocytes  in  the  lymph  without  such  changed  condi- 
tions in  the  capillaries? 

If  this  is  not  the  case,  changes  in  the  lymph  pari  passu  with  the  ap- 
pearance of  polymorphonuclear  leucocytes  in  it  may  be  due  to  the 
changed  condition  of  the  blood  and  lymph  capillaries  and  consequent 
establishment  of  a  new  equilibrium  level  between  the  lymph  and  the 
blood,  rather  than  the  presence  of  the  polymorphonuclear  cells. 


II.    LnERATtTRE. 

The  literature  is  referred  to  in  greater  detail  in  a  recent  paper  by 
Davis  and  Carlson.'  The  work  of  MacCallum,  Sabin,  and  others  renders 
it  highly  probable  that  the  lymph  circulates  in  a  closed  system  of  capilla- 
ries and  vessels  quite  independent  of  the  blood  vessels  and  tissue  spaces. 
Wcidenrich,  Leaf,  Rous/  and  others  maintain  that  there  is  a  capillary 
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anastomo^s  between  the  thoracic  duct  and  the  veins  in  the  superior 
mediastinum,  in  many  cases.  It  is  difficult  to  accept  this  as  normal  in 
view  of  the  fact  that  erythrocytes  are  not  present  in  the  normal  lymph 
from  the  thoracic  duct. 

Likewise  it  has  been  shown  that  the  cellular  elements  of  the  blood 
and  lymph  are  probably  distinct  in  origin.*  According  to  Muir,*  the 
eosinophile  and  neutrophilc  granular  cells  pass  directly  into  the  blood 
stream  and  not  into  the  lymph.  Biedl  and  Deastello  conclude  that 
both  eosinophile  and  neutrophile  leucocytes,  if  present  in  the  lymph, 
must  come  directly  from  the  blood.  Wintemitz  *  induced  polymor- 
phonuclear leucocytes  into  the  lymph  of  dogs  by  the  injection  of  large 
quantities  of  turpentine  into  the  paw  of  the  animal.  The  interesting 
observations  of  Clark  *  on  the  living  lymphatics  of  the  frog  larva  indi- 
cate that  the  passage  of  blood  cells  from  the  tissue  spaces  into  the  lymph 
capillaries  may  be  brought  about  by  amceboid  movements  of  lymph 
capillary  wall. 

III.  Methods. 

1.  OoUMtion  <rf  lymph.  —  The  same  procedures  were  used  as  describ<^ 
by  Davis  arid  Carlson.' 

2.  SmMn  and  stalniac.  —  The  smears  were  dried  and  fixed  by  plac- 
ing them  in  absolute  alcohol  for  an  hour  or  more.  The  film  was 
then  stained  with  Giemsa's  stain  and  examined  with  the  oil  immer- 
sion lens  without  mounting. 

3.  Matbodi  of  indnelng  potTmorphonuclsu  Imuoeytai  In  tlw  Irmpb. 
—  (fl)  Infection  on  one  side  of  Ike  head  or  neck.  Staphylococcus  aureus 
was  injected  into  the  parotid  gland  and  the  dde  of  the  face.  The  neck 
lymph  was  collected  after  twenty-four  or  forty-eight  hours  and  its  cellular 
elements  compared  with  that  from  the  normal  side. 

(6)  Passive  hyperemia.  The  external  jugular  vein  was  ligated  on 
one  side  under  aseptic  conditions  and  lymph  collected  from  the  neck 
lymphatics  after  twenty-four  hours. 

(c)  Edema  from  skin  irritants.  Oil  of  mustard  was  applied  to  one 
side  of  the  face  and  jaw,  and  after  twenty-four  hours  the  lymph  collected 
from  both  neck  lymphatics  as  before. 

((0  Massage.  Cannulas  were  inserted  in  the  neck  lymphatic  trunks 
and  a  sample  of  lymph  taken  before  massage  and  again  after  massage 
of  head  and  neck  for  fifteen  to  sixty  minutes. 
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(«)  Irriiants  in  the  stomach,  A  heavy  suspension  of  ground  mustard 
seed  in  water  was  introduced  by  the  stomach  tube  and  after  six  hours 
lymph  collected  from  the  thoracic  duct. 


IV.  Results. 

1.  Examination  of  the  neck  lymph  of  &ve  normal  dogs  showed  ab- 
sence of  polymorphonuclear  leucocytes  —  confirming  the  work  of  Davis 
and  Carlson,  and  similar  observations  by  Muir. 

2.  Staphylococcus  infection,  (a)  Three  experiments  with  parotid 
gland  infection  showed  many  polymorphonuclear  leucocytes  in  the 
lymph  of  the  infected  side  and  none  on  the  opposite  side.  A  few  erythro- 
cytes were  present  in  two  of  the  experiments. 

(6)  Two  experiments  with  superficial  infection  on  one  ear  of  four 
days'  standing.  Polymorphonuclear  leucocytes  and  transitional  forms 
were  found,  but  no  erythrocytes. 

3.  Passive  hyperemia  by  ligation  of  the  external  jugular  vein  on 
one  side  twenty-four  hours  before.  Four  experiments  gave  a  few  —  up 
to  forty  per  cent  polymorphonuclear  leucocytes.  In  the  one  with  forty 
per  cent  there  was  a  slight  blood  admixture. 

4.  Edema  from  skirt  irritation,  —  Four  experiments  gave  four  to  twelve 
per  cent  polymorphonuclear  leucocytes  on  the  edematous  side.  There 
was  no  blood  admixture. 

5.  Massage.  —  Five  experiments.  If  polymorphonuclear  leucocytes 
are  already  present  in  the  lymph,  massage  increases  their  number 
temporarily,  just  as  in  the  case  of  the  lymphocytes.  But  when  they  are 
not  present,  tMrty  to  sixty  minutes'  vigorous  massage  fails  to  cause  their 
appearance.  In  fact,  they  do  not  appear  in  the  lymph  tmtil  the  massage 
is  so  vigorous  and  long  continued  as  to  cause  admixture  of  blood,  evi- 
dently from  rupture  of  or  injury  to  the  capillaries. 

6.  Irritants  in  the  stomach.  —  Five  experiments.  A  water  suspendon 
of  mustard  in  the  stomach  seems  to  favor  the  admixture  of  blood  in  the 
thoracic  lymph.  There  was  an  abundance  of  polymorphonuclear  leuco- 
cytes in  all  of  the  experiments,  but  in  only  one  case  was  the  lymph  en- 
tirely free  from  erythrocytes. 
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V.   Discussion  of  the  Results. 

1.  The  methods  that  yielded  positive  results  produced,  in  all  proba- 
bility, an  altered  physiological  condition  of  the  walls  of  the  blood  and 
lymph  capillaries.  This  altered  state  of  the  separating  membranes 
may  siifiice  to  account  for  the  passive  of  the  polymorphonuclear  cells 
and  of  tissue  lymph  of  such  a  character  as  to  accelerate  the  infraction 
or  the  chemotaxis. 

2.  Since  all  the  devices  which  have  so  far  proved  efficient  in  causing 
the  appearance  of  polymorphonuclears  in  the  lymph  involve  changed 
phydological  conditions  in  the  membranes  that  separate  the  blood  and 
lymph,'  there  appears  to  be  little  hope  of  throwing  light  on  the  relation 
of  the  polymorphonuclear  leucocytes  to  enzymes  and  immune  bodies  in 
the  body  fluids  by  the  introduction  of  these  cells  into  the  fluids  in  which 
they  are  normally  absent. 
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THE  EFFECT  OF  THYROIDECTOMY  ON  THE  DEVELOP- 
MENT OF  ACTIVE  IMMUNITY  IN  RABBITS. 

By  C.  a.   FJELDSTAD. 
[From  Ik*  Hull  Physiclogical  LaboraUry  of  the  UniMriily  of  Ckieago.] 

TT  is  generally  held  that  thyroidectomized  animals  and  cretinoid 
^  patients  exhibit  a  diminished  resistance  to  infections.  It  would  seem 
that  this  might  be  due  to  either  or  both  of  two  conditions:  (i)  there  may 
be  a  depression  of  the  immunity  reaction;  (2)  there  may  be  changes  iD 
the  external  and  internal  epithelial  surfaces  of  the  body  of  such  a  char- 
acter as  to  facilitate  the  entrance  of  bacteria.  These  experiments  deal 
with  the  first  condition. 

The  investigation  of  this  problem  was  begun  by  Dr.  Carlson  and  Dr. 
Hektoen  on  dogs,  but  dogs  did  not  prove  favorable  material,  because  of 
the  practical  impossibility  of  removing  the  thyroids  completely  without 
removing  the  parathyroids  at  the  same  time,  with  subsequent  develop- 
ment of  tetany  and  death  in  five  to  ten  days.  This  difficulty  is  not  en- 
countered in  the  rodents;  and  at  Dr.  Carlson's  suggestion  I  took  up 
the  problem  using  the  rabbit  mstead  of  the  dog. 

LiTEBATURE. 

The  literature  seems  to  show  that  thyroidectomy  diminishes  at  least 
some  of  the  oxidative  processes  in  the  body;  and  that,  conversely, 
thyroid  administration  augments,  tempwrarily  at  any  rate,  the  oxida- 
tive processes.  In  view  of  these  facts  it  is  obvious  that  active  immunity 
in  thyroidectomized  animals  might  throw  some  light  on  the  relation  of 
the  oxidative  processes  to  the  production  of  immune  bodies.' 

Fassin,'  working  with  thyroidectomized  dogs  and  rabbits,  finds  a 
"marked  diminution  in  the  hemolytic  as  well  as  the  bacterial  alexine, 

*  Fassin:  Comptes  rendus  de  la  Sod^t^  de  Biologie,  1907,  Ixii,  pp.  388,  467, 
«47- 
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never  complete  disappearance."    Thyroid  administration  was  found  to 
increase  the  concentration  of  complement  in  the  serum.    This  author 
also  found  that  death  of  the  rabbits  followed  thyroidectomy  "ordinarily 
rather  rapidly,"  a  result  not  in 
accord  with  those  of  other  ob- 
servers (including  those  of  ours) 
on  the  effects  of  thyroidectomy 
in  rodents.    Marb^ '  studied  the 
normal  opsonins  in   thyroidec- 
tomized  animals  as  well  as  in 

animals  to  which  a  certain  FioobeI,  — Rabbit  1.  immunization  7  days 
amount  of  sheep's  thyroid  was  aft«  thyroidectomy, 

fed.  The  general  conclusion  reached  is  that  the  "opsonic  index  of 
serum  undergoes  important  changes,  notably  a  diminution  following 
thyroidectomy,  the  opsonic  index  rising,  on  the  contrary,  in  the  animal 
subjected  to  experimental  thyroid  opotherapy."  These  experiments 
concern  the  normal  opsonins  and  complements,  not  the  opsonins  and 

complement  in  active  immunity. 

The  results  obtained   by  these 

authors  have  not  been  verified 

as  yet. 

Methods. 
Eighteen  rabbits  were  used  in 

FiCUBE  2.     Kahbil   2.  — Immunized  22  days    (hjs  series  of  testS.      Thyroidec- 
after  thyroidectomy.  ,  r  j        j  i_ 

tomy  was  performed  under  ether 
anaesthesia  in  twelve,  while  the  other  six  were  "controls."  On  the 
second,  fourth,  seventh,  twelfth,  twenty-second,  and  fortieth  days 
after  thyroidectomy,  animals  were  immunized  against  the  typhoid  bacil- 
lus. Serum  from  each  rabbit  was  collected  at  two  to  three  day  intervals 
for  twenty  to  thirty  days,  each  complete  series  being  tested  at  one  time, 
as  recommended  by  Dr.  Hektoen. 

Results. 

The  residts  of  four  typical  series  may  be  cited  by  tabulation  (see 
Tables  I  to  IV). 

'  Marb£:  Comptes  rendus  de  la  Sod£t£  de  Biologie,  1908,  Ixiv,  pp.  1058,  tiiy, 
1909,  bcv,  p.  611;   1909,  Ixvi,  p.  1073. 
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TABLE  1. 
Kabbit  11.  Immunization  seven  Days  aftes  THTSoisECTOire.' 


Serum 

Agglutinating  power.                                              1 

Noimal 

Days  after  immunization.                                          1 

2 

3 

4 

5 

6 

8 

11 

13 

" 

18 

22 

25 

28 

1/SOOO 

1/1666 

1/SOO 

lAOO 

1/SO 

1/10 

0 
0 
0 

+ 
+ 
+ 

0 
0 
0 

+  ? 
+ 

+ 

0 
0 

+  ? 
+ 
+ 

+ 

0 

+ 

+ 
+ 
+ 

+ 

0 

+ 

+ 
+ 
+ 

+ 

0 
+ 

+ 
+  . 
+ 
+ 

0 

+ 
-1- 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

0 

+ 
+ 
+ 
+ 

+ 

0 

+ 
+ 
+ 
+ 
+ 

0 
0 

+ 
+ 
+ 

* 

0 
0 

+ 
+ 
+ 
+ 

0 
0 

+ 
+ 
+ 

+ 

0 
0 

+ 
+ 
+ 
+ 

TABLE  II. 
Rabbit  IS.  Iumdnized  twenty-two  Days  a 


R  Thyroidectomy.' 


Serum 

ditutiOD. 

Agglutinating  power.                                               1 

Normal 

Days  after  immunization.                                          1 

1 

3 

S 

7 

8 

9 

10 

11 

13 

16 

W 

22 

24 

1/SOOO 

0 

0 

0 

0 

+ 

+ 

+ 

+ 

+ 

0 

0 

0 

« 

0 

1/1666 

0 

0 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+  ? 

0 

1/500 

0 

0 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1/100 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1/SO 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1/10 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

'  +,  disti 

ctaggluti 

nation;  0, 

abte 
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TABLE  ni. 
Rabbit  11.  Rx-immdnized  Forty  Days  after  TEvxoiDECTOiiy.' 


Senim 

A«,uU„.^p.„,. 

Noimal. 

1 

3 

5. 

7 

8 

9 

10 

11 

12 

14 

18 

1/SOOO 

1/1666 

1/SOO 

1/100 

1/SO 

1/10 

0 
0 
0 

+ 
+ 

+ 

0 
0 
0 

+ 
+ 

+ 

0 
0 
0 

+ 
+ 

+ 

0 

+ 
+ 

* 

+ 

+ 

+  ? 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

0 

+ 

+ 
+ 
+ 

+ 
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TABLE   IV. 
Rabbit  15.  Contiol.    Immunization 


THYKOrDECrOKY.' 


Serum. 

Normal 

Days 

1 

1 

3 

5 

7 

9 

12 

IS 

18 

21 

25 

30 

1/5000 

0 

0 

0 

0 

+ 

0 

■0 

0 

0 

0 

0 

0 

1/1666 
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0 

0 

+  ? 

+ 

0 

0 

0 

0 

0 

0 

0 

1/500 

0 

0 

0 

+ 

+ 

+ 

+ 

+ 

0 

0 

0 

0 

1/100 

0 

0 

+  ? 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1/SO 

0 

+  ? 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1/10 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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absence  of  agglutination;  +f,  doubd 

ulagg 

utiution. 

Digitized  b,G00glC 


76 


C.  A,  Fjeldstad. 


The  results  are  typical  of  the  whole  series.  They  show  that  there 
is  DO  detectable  difference  in  the  degree  of  immunity,  in  the  rapidity 
of  its  development,  nor  in  its  duration  in  normal  and  thyroidectomized 
rabbits.  If  the  internal  secre- 
tion of  the  thyroids  has  a 
marked  influence  on  the  forma- 
tion of  antibodies,  there  shoiild 
beadecreasein  the  immunity  re- 
action pari  passu  with  the  disap- 
pearance of  this  secretion  from 
FiGDRzS. — Rabbit  1.  Re-immunbed  40  days  the  blood..  But  It  toust  be  re- 
after  thyroidectomy.  membered  that  the  rate  of  disap- 
pearance of  this  secretion  from  the  blood  and  organs  after  thyroidectomy 
is  not  yet  known.  Rabbit  i  was  immunized  seven  days  after  thyroid- 
ectomy, rabbit  2  after  twenty-two  days  had  elapsed,  and  rabbit  n 
re-immunized  forty  days  after 
operation,  yet  the  immunily 
curves  are  oil  similar,  aU  ap- 
parently normal. 


(Mrs  IFTER  IHUUNIIITION                         | 

N 

>      T 

Conclusion. 

Removal  of  the  thyroids  from 
the  rabbit  does  not,  at  least  dur- 
ing the  first  month,  appreciably 
affect  the  formation  of  immune  bodies  (more  specifically  the  agglu- 
tinins). It  is  therefore  probable  that  any  increased  susceptibility  to 
infection  in  such  animals  must  be  ascribed  to  causes  other  than  the 
depression  of  the  immunity  reaction. 

Special  thanks  are  due  Dr.  'Carlson  for  valuable  suggestions.    . 
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THE  METABOLISM  OF  SOME  PYRIMIDINE 
DERIVATIVES. 

By  LAFAYETTE  B.   MENDEL  and  VICTOR  C.   MYERS. 
[Fttm  Ihi  Shtgidd  Ldboratery  of  Physiclogkai  Chemistry,  Yak  Universily.] 

THE  demonstration  of  the  wide-spread  occurrence  -  of  pyrimidine 
derivatives  as  constituents  of  typical  nucleic  acids  has  awakened 
an  interest  in  the  physiological  action  of  the  pyrimidines  and  in  their 
behavior  in  metabolism.  Of  the  three  compounds,  uracil,  thymine, 
and  cytosine,  the  last  two  have  been  isolated  more  frequently  than  has 
uracil.  The  relation  of  these  three  derivatives  is  shown  by  the  formulas 
below: 

HN CO  N  C  ■  NH,  HN CO 

OC  CH  00  CH  OC  C  ■  CH, 


hA- 


uiftcil  cytoaine  thymine 

Some  writers  have  considered  uracil  to  be  a  secondary  product,  de- 
rived from  cytosine  or  thymine,  and  not  existing  preformed  in  the 
nucleic  acid  complexes.'  This  is  analogous,  in  the  relation  of  uracil 
to  cytosine  at  least,  to  the  more  generally  accepted  view  regarding  the 
occurrence  of  aminopurines  as  primary  constituents  of  true  nucleic 
acids,  the  finding  of  hypoxanthine  and  xanthine  being  ascribed  to 
secondary  reactions.  That  such  changes  can  be  brought  about  as  the 
result  of  autolytic  changes,  presumably  owing  to  the  activity  of  enzymes, 
was  suggested  by  experiments  of  Jones'  and  Levene.*    For  example, 

'  Cf.  ScmTTENHEUi  and  Brahu:  QppENHEniEK's  Handbuch  der  Biocbemie, 
190Q,  i,  p.  6tt. 

*  Jokes:  Zcitschrift  filr  pbysiologische  Cbemie,  1904,  xlii,  p.  3;. 

*  Levene:  This  jounuJ,  1904,  xi,  p.  437^  Zdtscbrift  filr  physiolo^scbe  Cbemie, 
1904,  xli,  p.  397. 
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after  autodigestion  of  spleen  and  thymus,  the  nucleic  acid  of  which 
yields  thymine  and  cytokine  by  hydrolysis  with  acids,  uracil  was  found 
by  Jones,  while  cytosin  was  no  longer  detectable.  Likewise  Levene 
could  find  no  cytosine  after  autolysis  of  spleen  and  pancreas,  while  the 
content  of  uracil  was  decidedly  increased.  It  should  be  emphasized, 
on  the  other  hand,  that  uracil  has  been  isolated  from  the  acid  hydrolysis 
products  of  two  nucleic  acids  of  vegetable  origin  —  from  the  yeast,  by 
Ascoli,*  and  from  the  wheat  embryo  (triticonucleic  acid),  by  Osborne 
and  Harris.'  Mandel  and  Levene  *  have  similarly  isolated  uracil  in 
place  of  thymine  from  the  nucleic  acid  obtained  from  fish  eggs.  Any 
final  generalization  as  to  the  primary  pyrimidines  of  nucleic  acids  is 
therefore  premature  at  the  present  time, 

Burian '  has  raised  the  question  whether  the  nucleic  acids  actually 
contain  a  preformed  cytosine  group  or  whether  the  latter  can  be  formed 
from  purines  by  the  action  of  strong  sulphuric  acid  in  the  presence  of 
carbohydrates.  This  opens  a  debate  regarding  the  pjossible  origin  of 
pyrimidines  from  purines  in  the  usual  experimental  manipulations. 
Burian's  experimental  evidence  has  been  attacked  by  various  investi- 
gators;* but  conclusive  experiments  indicating  that  in  the  hydrolysis 
of  nucleic  acids  the  pyrimidines  have  a  primary  origin,  have  been  pub- 
lished by  Osborne  and  Heyl,*  They  rightly  remark  that  the  real  problem 
is  not,  can  the  pyrimidines  be  obtained  from  purines,  but,  are  they 
present  as  such  in  the  molecule  of  nucleic  acid  ?  Their  evidence  leaves 
litde  doubt  as  to  the  reliability  of  the  current  view. 

Although  the  numerous  investigations  on  the  metabolism  of  the 
nucleic  acid  complexes  in  the  animal  organism  have  served  to  elucidate 
the  fate  of  some  of  the  constituent  groups,  notably  the  purines  and  the 
phosphoric  acid  derivatives,  almost  nothing  is  known  regarding  the 
rdle  of  the  pyrimidines.    It  seems  evident  that  they  are  liberated  by 

*  Ascou:  Zeitschrift  fUr  phyaologische  Chemie,  1900,  xzxi,  p.  161. 

*  Osborne  and  Haxris:  Zeitschrift  fiir  pbysiologische  Chemie,  1903,  xixvi, 
p.  109. 

*  Manbel  and  Levzne:  Journal  of  biological  cbemistr?,  1906,  i,  p.  435;  Zeit- 
schrift fUr  physiologiscbe  Chemie,  1906,  xlix,  p.  364. 

'  Busian:   Zeiiscbrift  filr  phy^ologische  Chemie,  1907,  li,  p.  438,  and  earlier 

*  Cf.  Steudei.:  Zeilschrift  fUr  physiologische  Chemie,  1907,  liii,  p.  50S;  Levene 
and  Mandel:  Biochemische  Zeitschrift,  1908,  ix,  p.  333. 

*  Osborne  and  Heyl-.  This  journal,  190S,  zxi,  p.  157. 
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enzymes  from  the  organic  union  in  which  they  exist  in  the  nucleo-proteins, 
Several  questions  at  once  surest  themselves.  Are  the  "physiological" 
pyrimidines  transformed  by  tissue  enzymes  in  ways  analogous  to  those 
experienced  by  the  purines?  Can  these  pyrimidines  be  sj-nthesized  to 
purines  in  the  animal  organism,  1.  e.,  can  they  function  as  purine  pre- 
cursors? Are  pyrimidines  originating  in  endogenous  or  exogenous 
nucleic  acid  metabolism  ehminated  as  such  to  any  extent>  like  the  ac- 
companying purines?  What  physiological  action,  if  any,  can  they 
exert?  Are  they  connected  with  the  metabolism  of  somewhat  related 
compounds,  such  as  creatinine  ?  An  inspection  of  the  structural  formulas 
will  suffice  to  indicate  some  of  these  possibilities : 


p^rimidiDc  nucleus 

Some  of  the  problems  have  been  touched  by  Steudel."  He  has  at- 
tempted to  ascertain  whether  the  animal  organism  is  capable  of  con- 
structing purine  derivatives  by  the  addition  of  a  urea  group  to  the 
pyrimidine  skeleton.  It  must  be  remembered  that  some  of  the  artificial 
syntheses  of  uric  acid  and  other  purines  pass  through  a  pyrimidine 
stage."  Steudel's  experiments  were  carried  out  with  dogs  —  a  species 
not  well  adapted  for  the  study  of  the  syntheses  in  question,  as  this  in- 
vestigator himself  admits,  because  of  the  readiness  with  which  purines 
undei^o  metabolic  transformation  beyond  the  uric  acid  stage  (to  allan- 
toln)  in  the  canine  organism.  In  no  case  could  Steudel  demonstrate 
an  increased  elimination  of  purines  (searched  for  in  the  urine  as  insolu- 
ble silver  compounds)  after  feeding  daily  gram  doses  of  fourteen  different 
pyrimidine  compounds.  His  list  included  the  following. : 
HN CO  HN CO 

I  I 

OC  C-CH, 


h1 


thymine 

"  Steudel:   Zcitschrift  fUr  physiologische  Cbemie,  1901,  xxxii,  ; 
am,  p.  285;  1903,  xxxix,  p.  136. 
"  These  are  discussed  by  SxEm>EL:  Loc.  cU.,  xxzix,  p.  137. 
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oc  C-NO, 

HN CCOOH 

5-nilrouiBcil- 
4-cacboxjlic  acid 


HN C  ■  OH 

isodialuric  add 


HN — 

I 

OC         c< 

I  I  ^NH.CONH, 

HN CO 

pseudouric  add 


HN CO  HN- 

II  I  . 

OC  CH-NHCN  OC  CH, 

II  II 

HN CO  HN CH, 

isourk  add  h;  drouracil 


— CCH, 
2-amii)o-4-metfay1uiacJl 


N C  ■  NH,  N C  ■  NH, 

2-4-dianiino-6-oij'-  2-4-S-triamino-6-oiy- 

pyrimidine  pyrimidine 


Of  all  these  none  were  recovered  in  the  urine  except  4-methyluraciI, 
5-nitrouracil,  2,  4,  5-triamino-6-oxypyrimidine,"  and  methylsulfouracil. 
The  contrast  between  4-methyluracil  (recovered)  and  the  closely  re- 
lated 5-methyluraciI  or  thymine  (not  recovered)  is  suggestive  of  an 
important  relationship  between  chemical  structure  and  susceptibility 
to  metabolic  degradation.  However,  Sweet  and  Levene  "  have  fed 
thymine  in  larger  doses  (6  gm.)  to  a  dc^  with  an  Eck  listula  and  re- 
covered thymine  (3.5  gm.)  in  the  urine.  They  selected  an  animal  in 
which  the  liver  was  excluded,  because  of  the  destruction  of  thymine 
reported  by  Steudel  for  normal  dogs. 

The  excretion  of  veronal,  one  of  the  various  pyrimidine  derivatives 

"  The  alleged  toxicity  of  the  amino-oxypyri  mi  dines  will  be  discussed  in  a  subse- 
quent paper  from  this  laboratory  by  Dr.  Kleiner. 
**  Sweet  and  Levene:  Journal  of  experimental  medidne,  1907,  ix,  p.  339. 
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which  have  been  examined  pharmacologically,  has  been  determined 
by  Fischer  and  von  Mering."  This  compound  is  eliminated  for  the 
most  part  unchanged  by  the  kidneys.  Wolf  "  has  tested  the  action  of 
small  quantities  of  thymine,  cytosine,  and  uracil  (35  mgm.  per  kilo  of 
body  weight)  on  cats,  with  negative  results. 

The  present  paper  deals  with  the  fate  of  thymine,  cj^osine,  and 
uracil  introduced  into  the  organism  of  man  and  various  animals  in 
diflferent  ways.'*  Before  undertaking  a  physiological  study  of  thymine 
and  uracil  it  seemed  desirable  to  prepare  some  soluble  salts  of  them 
which  would  be  suitable  for  use  in  this  connection;  for  these  three 
pyrimidines  are  rather  difficultly  soluble  in  water  at  low  temperatures. 
The  preparation  of  the  compounds  has  been  described  elsewhere," 
A  potassium  salt  of  thymine  has  been  prepared  by  Steudel;  '*  and  the 
monopotassium  salts  of  both  thymine  and  uracil  have  been  described 
by  Johnson  and  Clapp.'*  Many  physiological  chemists  refer  to  thymine 
and  uracil  as  pyrimidine  bases.  The  alkali  salts  which  are  described 
elsewhere  clearly  demonstrate  the  acid  properties  of  these  two  com- 
pounds. The  sodium  salts  are  the  only  derivatives  satisfactory  for 
N^=^=CONa 
I  I 

OC  C-CH, 

I  II 

HN CH 

sodium  nit  of  Sracil"  aadium  salt  of  thymiiK** 

"  FiscHEK  and  von  Mering:  Therapie  der  Gegennart,  1903,  v,  p.  97;  Malv's 
Jahresbericbl  fUr  Tierchemie,  1905,  nxv,  p.  371. 

"  Wou:  Journal  of  physiology,  1905,  ixxii,  p.  171. 

'*  The  data  are  taken  from  the  thesis  presented  by  Victoe  C.  Myers  for  the  de- 
gree of  Doctor  of  Philosophy  at  Yale  University,  June,  1909. 

"  Myeks:  Journal  of  biological  chemistry,  1910,  vii. 

"  Steudel:  Zeitschrift  ftlr  physiologische  Chemie,  1900,  xxx,  p.  539. 

'*  Johnson  and  Clapp:  Journal  of  biological  chemistry,  1908,  v,  p.  59. 

'"  The  exact  constitution  of  these  salts  is  not  known,  but  it  seems  probable  that 
the  metal  would  be  joined  in  (he  most  negative  position,  namely,  to  the  oxygen  atom. 
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■  >i-    \,i-    iLj^!iiiii-   rcdcvior   i'ro-:uca    rr   tn-.    diseociaiiaE  of  tht- 

'. 'vijMii'-  ^^a••  ajEiintsicrcv  i:  id-,  lorn  o  H^  h lUiuuiinndc:- 

L^'--   ■v.LiiiK.i'  ciioaj;:.  u  oai^-.  in-.  jLivaciag--  o:'  im  advicf  a: 

■-nijHt     '  n»ca.-ii<r-   H    !_.  V.  iK-tar"  ^f     ^    L    loxmsoii,  IE  inc 


m-^cuc'-'-T  o:  liH  iivrjm;(i:iie.-  rrmr  In-,  umii  tni  metiitH:  ■was 
a    ij'xijw:-:    ii   !iK  'ja«-  o;"  utji'I!  v  r,*i-  srniui"  necrasHn-  lo 

'j-  •jtiii'.  \mU  Hin>i;iu.-'.-  Tcas^n-  im-rcuri:  suiuhHti'  in  acid 
.  ■^■;-  naM.  aur.  diMnit^rrait  tin  Tir^rmiiiiii  T^itfc  fcydrnpai 
^..  »!ii  cii;irvoal.  iint:  T;-i"ja:  Im  aim%f  ■nfm^es.  A:  the 
■,,-j'iU':  y.fi'.  g^n^alii  Ttnun-c  vtir  jmnnonuiCiL  sliver  salii- 
".cmIi-  tiji.  pyriiiiidinf  i)T-.Ti;>i:aifC.  vitr.  ~livsr  Tiirrmt  and 
ij.-iy.-i  t^iiHurd.  (i«i>iT!iiusfL  vi'.t  rvuTDEcr.  suuihidii.  bailed 
A  Ci^icua:  ii;  a  jolutitm  rt.i)d;n¥L  aiismii'  azic  wiifc  suhiburic 
iirtjvi  tjaritjn;.  liiicred  and  fvu;tanii!"C  i!  •^mjiV.  T,-nliiine,  Tix 
•^iW-jctX  yii!.  'J'iiynimt  ano  rnifsmt  df  ti:>:  Tirecninrnt  Toii 
=  .ii,)iiai,<  if.  ai.ic  !>ulLi:i-.fE :  r  'wtl'-  i:niiic  iif::s=sBTT  lo  render 
.rt    .iL'jiliiif  vitr:  poui^siuir:  or  widiinr:  ri'±-:i::i3f  ir  nrder  lo 

'.tnj'  'uti  ^■vinii-iLrith.  C'-hervist  lac  a:t.Tt  sipt*  were 
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.1  .1  i-ji  (1  i'.i-  &"'i»i'  and  iit-'iTa;  aa-  furieriDnrr-  itien  the 
«'.  v.'-i  '->i-,;rjra'.td  to  ssilIJ  ici:',;iae,  "je  ri-.nsLaf  m-as  pre- 
iL  "■,•  ;^,'  't.'-*-.  F'-T  '.}jc  df'.er.icia  of  nioi^iiie  or  iiracL  llie 
^ji  ■>'  V.  '.•/■ji.f  lu'id  Jyhawn  °  »'a^  of  jreai  ■\-aJue,  as  a  few 
.-.<-•■:  '^  "^  fj'ray:.  af'.tr  d;n:r!'.tin"a::-2  ".he  Ira  mercury 

■■■j.  -■:  *.,'/"  '/  lhc;r  dt-t«^iya,  Thij  reacuoa  if  as  follows: 
;  *  1  '^  'r,'  w/I  j-ion  10  be  te>'.ed  broiiilne  wa:er  if  added  in 
I  '.  ..'/;  '//.iffl.  The  s'jiution  is  then  coolt-d  and  bromine 
.  w\.-.-.-\  ,(.■,!  a  Jighl  yt-Uow  color  is  produced.  An  excess  of 
■■'  •'/■*  •/i'^\iiii-s  a  deep  puq>Ie  condensation  product  in  the 
/I    ■^:t  (//fimidincs.    The  ddicacy  of  this  reaction  is  shown 

*  «  ,'j;  f'lttf^js:  Jouroal  ol  biological  chenusti;,  1907,  iii,  p.  183. 
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by  the  fact  that  20  mgm.  of  uracil  could  be  detected  in  100  c.c.  of  human 
urine  in  this  way.  In  the  case  of  thymine  it  was  found  that  where  the 
pyrimidine  could  be  recovered  in  a  very  pure  form,  a  characteristic 
reddish  purple  diazo  reaction  could  be  obtained  when  applied  in  the 
manner  described  by  Johnson  and  Clapp."  This  consists  in  mixing 
a  few  milligrams  of  the  dry  pyrimidine  on  a  watch  glass  with  an  equal 
proportion  of  freshly  prepared  diazobenzenesulfonic  acid  and  then 
allowing  a  drop  of  10  per  cent  sodium  hydroxide  to  nm  on  the  mixture. 

The  routine  analytical  procedures  included  the  Kjeldahl-Gunning 
method  for  nitrogen,  Folin's  methods  for  urea  and  creatinine,  the  Bene- 
dict-Myers "  method  for  creatine,  and  the  Kruger-Schmid  "  method 
for  purines. 

In  the  trials  on  rabbits  the  bladder  was  always  squeezed  out  at  the 
same  hour  each  day.    The  pyrimidines  fed  were  given  through  a  tube. 


Experiments  with  Thymine. 

BabUta.     Feeding  of  sodium  thymine.  —  I.   A  rabbit  weighing  1.88 
kgm.  received  a  uniform  daily  diet  of  300  gm.  of  carrots.     This  was 

TABLE  I. 
Rabbit  I.    Thyiome  Feedekc.    Composition  or  tse  Uune. 


Feb. 
1909. 

Volume. 

Sp.gr. 

Creat- 
inine. 

Total 

N. 

Ure»  + 
niaN. 

Difler- 

Sodium  Mil  o( 
thymine  fed. 

1-2 
2-3 
3-4 
+-S 
S-6 
6-7 
7-S 

202 
225 
244 
130 
210 
197 
192 

1.019 
1.017 
1.014 
1.019 
1.017 
1.015 
1.01s 

.068 
.092 
.082 
.078 
.082 
.089 
.088 

.703 
.607 
.60S 
.710 
.882 
.577 
.541 

.606 
.500 
.466 
.469 
.547 
.431 
.446 

.097 
.107 
.149 
.241 
.335 
.146 
.095 

(  1.0  gm.  in  20 
\         c.c.  sol. 
^N.-0.22fi.. 

'  Johnson  and  Clapp:  Jounial  of  biologica]  chemistrr,  1908,  v,  p.  163. 

'  Cf.  Benedict  and  Myers:  This  jouraal,  1907,  xviii,  p.  397. 

*  EsttoEK  and  Scauro:  Zdtschrift  fUr  physiologiKhe  Chemie,  1905,  xlv,  p.  i. 
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completely  consumed  except  on  the  day  of  thymine  administration, 
when  only  210  gm.  were  eaten.  Since  the  output  of  ammonia  in  rabbits 
is  very  small  imder  ordinary  circumstances,  the  urea-  and  ammonia-N 
in  the  urine  is  reported  in  total.  The  protocol  is  on  the  preceding 
page  (see  Table  I). 

Creatine  was  searched  for  on  the  day  of  the  thymine  feeding  and 
the  day  following,  with  negative  outcome.  From  the  urine  of  the  fourth 
day  0,3  gm.  of  thymine,  calculated  for  the  total  volume,  was  recovered. 
This  gave  a  typical  diazo  reaction.  It  was  added  to  the  thymine  ob- 
tained from  the  urine  in  the  following  experiment  and  Experiment  IV, 
the  combined  fractions  giving  a  correct  analysis.  No  color  reaction 
could  be  obtained  with  bromine  water  and  baryta,  indicating  that 
thymine  had  not  been  demethylated  and  thus  changed  to  uracil. 

II.  A  rabbit  weighing  2.72  kgm.  ate  300  gm.  carrots  daily,  except  on 
the  day  of  thymine  feeding,  when  only  100  gm.  were  consumed.  The 
protocol  follows: 

TABLE  II. 


Rabbit  II,    Thvkime  Feeding.    Couposition 

or   THE 

Urine. 

Feb. 
1909. 

Vol- 

Spwific 
gravity. 

CtMl- 

inine. 

TottI 

N. 

Urea  + 
•mmo- 

nEaN. 

Differ- 
ence. 

ToOil 
punne 

Sodium  sail    of 
thymine  fed. 

12-13 
U-U 
14-15 
15-16 
16-17 
17-18 
1»-19 

260 
242 
215 
298 
77 
240 
247 

1.014 
1.015 
1.016 
1.017 
1.017 
1.016 
1.013 

.080 
.098 
.093 

.102 

.106 
.101 
.102 

0.796 
0.835 
0.877 
12XS7 
0.922 
1.080 
0.763 

.710 
.733 
.755 
.921 
.722 
.839 
.515 

.086 
.102 
.122 
.266 
.200 
.241 
.248 

31.9 

2.0  gmVin 
SOcTc.sol. 
N  -  0.44  gm. 

Although  the  purines  were  determined  on  the  experimental  day  only, 
still  the  figure  obtained  shows  a  slightly  increased  elimination.  Nor- 
mally, rabbits  excrete  from  5  to  10  mgm.  of  purine  nitrogen  per  day  on 
a  carrot  diet.  From  100  c.c.  of  urine  on  the  fourth  day,  it  was  possible 
to  recover  0.250  gm.  of  almost  pure  thymine  (0.750  gm.  calculated  for 
the  whole  urine).  The  material  crystallized  in  pure  white  lustrous 
leaves  and  gave  a  diazo  reaction  tjrpicd  only  of  thymine.    The  analysis 
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(KJeldahl  nitrogen)  of  the  combined  thymine  obtained  from  this,  the 
preceding,  and  Experiment  IV  is  given  below. 


N 


Calculated  for 

C,H^,0,: 

J3.a3 


11.32 


From  the  urine  of  the  fifth  day  it  was  also  possible  to  isolate  a  small 
amount  of  material  (0.30  gm.  calculated  for  the  total  urine)  which  gave 
a  quite  typical  diazo  reaction. 

III.  A  rabbit  weighing  2.62  kgm.  ate  300  gm.  carrots  daily,  except 
on  the  day  of  thymine  feeding,  when  120  gm.  were  consumed.  The 
chief  object  of  the  experiment  was  to  study  the  influence  on  the  output 
of  purine  nitrogen.    The  protocol  follows: 


Rabbit 

III.    Thvuike  Feeding.    Composition  of  tb 

a  UuNE. 

March 
1909. 

Volume 

Specl&c 
gravity. 

Creat- 

ioine. 

Crea- 
tine. 

Total 

N. 

Total 
punt. 

Sodium  salt  of 
thymine  (ed. 

18-19 
l»-20 
20-21 
21-22 

235 
230 
122 
143 

1.014 
1.012 
1.021 
1.01s 

.108 
.106 
.104 
.106 

.000 
.005 
.008 
.000 

0.670 
0.538 
1.45S 
0.82S 

2.6 
3.2 
32.9 
5.1 

2  gm.  in  45  c.c. 
»r.    N-0.44gm 

In  this  experiment  the  same  results  were  obtained  as  those  reported 
in  Table  II.  There  was  an  immistakable  increase  in  the  purine  elimina- 
tion, though  small  in  amount.  This  was  not  due  to  the  thymine  present 
in  the  urine,  as  the  following  control  experiment  shows.  In  two  purine 
determinations  on  300  c.c.  samples  of  normal  rabbit  urine,  to  one  of 
which  0.5  gm.  of  thymine  had  been  added,  identical  figures  were  ob- 
tained, namely,  4.5  mgm.  nitrogen.  No  attempt  was  made  to  obtain 
the  thymine  from  the  urine,  as  the  previous  experiments  had  clearly 
shown  that  the  thymine  could  be  recovered. 

Intravenous  injection  of  sodium  thymine.  —  IV.  A  rabbit  weighing 
3.45  kgm.  received  an  injection  of  2  gm.  of  sodium  thymine  dissolved 
in  40  C.C.  O.Q  per  cent  sodium  chloride  solution  at  36"  C.  into  the  mar- 
{pnal  ear  vein.    No  marked  symptoms  were  noted  at  the  time,  but  the 
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ETr'-Ttti  53rfdenly  died  an  hour  later.  From  the  urine  dischai^ed  shortTy 
be  :c*  Ceaiih.  0.4  gm.  of  pure  thymine  which  gave  the  typical  diazo 
rsKdca  was  recovered,    (See  analysis  under  rabbit  II.) 

!*•*.  Feeding  0/  thymine.  —  Two  experiments  with  thymine  were 
z::fci-e  OQ  a  dog.  An  animal  of  6.6  kgm.  weight  was  given  1.0  gm.  of 
tirn:ine  mixed  with  cracker  and  bone  meal.  At  the  end  of  thirty-^x 
if.-zrs  130  cc  of  urine  were  collected  and  from  this  0.4  gm.  of  a  pure 
v^'£  material,  giving  the  typical  diazo  reaction  of  thymine,  was  ob- 
labxd.  .\  nitrogen  determination  on  this  material,  however,  gave  a 
Vnr  result.  To  the  same  dog  were  given  3.0  gm.  of  thymine  mixed  with 
a  seal]  amount  of  hashed  meat.  At  the  end  of  twenty-four  hours  320  cc. 
<ji  siine  were  collected.  When  precipitated  with  mercuric  sulphate  and 
poiasaium  hydroxide,  di^ntegrated  with  hydrogen  sulphide  and  boiled 
wf-Jj  charcoal,  0.509  gm.  of  almost  pure  thymine  crystallized  out.  One- 
half  gram  more  of  material  was  later  recovered,  making  a  total  of  i.o 
^m.  When  the  thymine  obtained  from  the  first  crystallization  was  dried, 
a  Ikjeldahl  nitrogen  determination  resulted  as  follows : 


Calculated  for 

C,H^,0,L 

22.23 


ai-9S 


Mia.    Feeding  of  thymine.  —  It  also  seemed  desirable  to  determine 
the  action  of  thymine  on  man.    The  subject  of  the  experiment  (V.  C.  M.) 


TABLE   IV. 
Thyuine  Feeding.    Voluub  o 


Volume 

Volume 

U09. 

ibio 

A.M. 

Specific 
gravity. 

lOJO 
P.u. 

Specific 
gravity. 

Volume 
24  hr. 

Specific 
gravity. 

Creat- 
iiune. 

Thymine 
takm. 

25-K 

37S 

1.019 

«0 

1.019 

102s 

1.019 

1.43 

26-27 

300 

;    1.037 

820 

1.018 

1120 

1.020 

1.50 

27-28 

500 

1.017 

950 

1.014 

1450 

1.015 

1.53 

m-» 

300 

LOM 

STO 

LOU 

»0 

LOSS 

1.48 

3.0  gm. 

39-30 

370 

1.024 

610 

1.019 

880 

1.022 

1.47 

30-31 

335 

1.027 

STO 

1.024 

895 

1.025 

1.47 

31-  I 

3S0 

1.024 

S67 

1.02s 

917 

1.02s 

i.« 
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went  without  breakfasts  and  no  liquid  was  taken  from  6  p.  u.  until  12  u., 
a  period  of  eighteen  hours.  On  this  account  it  was  considered  that  the 
urine  elimination  between  10.30  p.  u.  and  10.30  A.  u.  would  be  fairly 
constant.  Such  was  found  to  be  the  case.  The  day  previous  to  the 
taking  of  the  thymine  was,  however,  very  cold  and  explains  the  high 
volume  of  the  urine  on  that  day.  Three  grams  of  thymine  were  taken 
at  night  before  retiring.    No  bad  symptoms  were  noted. 

It  is  obvious,  from  the  data  given  above,  that  thymine  had  no  diuretic 
action.  Unfortimately,  the  subj^  was  not  on  a  purine-free  diet  and 
total  purine  determinations  were  not  made.  Thymine  appeared  to  be 
present  in  considerable  quantity  in  the  urine  of  the  first  twelve  hours 
on  the  thymine  day,  but  it  seemed  impossible  to  purify  it  sufficiently  to 
obtain  the  typical  diazo  reaction. 

Subsequently  the  same  subject,  weighing  62  kgm.,  remained  on  a 
fiurly  constant,  purine-free  diet.  Two  and  one-half  grams  of  thymine 
were  taken  on  the  fourth  day.  The  determinations  of  uric  acid  and 
purine  bases  were  made  in  duplicate.  The  protocol  below  shows  the 
absence  of  any  detectable  influence  on  the  output  of  these  urinary 
constituents : 

TABLE  V. 
Mam.    TsytoNx  FKeding.    Cohposition  o?  the  Urine. 


l^. 

Vohime. 

Specific 
gravity. 

Total  N. 

CreM- 
inincN 

Urictcid 

N. 

Purine 
bMcN. 

18-19 

730 

1.018 

7.50 

.52 

.103 

i2 

19-20 

1226 

1.012 

6.32 

.64 

.117 

lOJ 

20-21 

690 

1.018 

7.0* 

.55 

.126 

11.6 

21-22 

400 

ijoas 

7.3g 

M 

JS2 

as 

22-23 

445 

1.027 

7.32 

.55 

.100 

8.6 

23-24 

445 

1,026 

7.50 

.55 

.108 

10.1 

In  this  experiment  no  attempt  was  made  to  recover  thymine  from 
the  urine,  since  the  quantity  left  after  the  above  determinations  was 
too  small. 

Disctuiioii  tA  tha  isnilu.  —  In  our  experiments  with  thymine  feed- 
ing the  recovery  of  the  substance  unchanged  from  the  urine  leaves  no 
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doubt  of  its  absorption.  The  increase  in  the  total  nitrogen  output  in 
every  case  after  the  feeding  points  to  the  same  conclusion,  especially 
when  it  is  noted  in  the  case  of  the  rabbits  that  they  ate  less  food  than 
usual  on  the  days  in  question  and  thus  lowered  their  food-N  intake. 
The  output  of  creatinine  was  also  not  altered  in  any  way. 

We  have  failed,  even  in  the  dog,  to  obtain  the  complete  disappear- 
ance of  thymine  claimed  by  Steudel.  Whether  the  difference  in  our 
results  is  due  to  mwe  perfect  absorption  in  our  experiments  (a  point 
which  camiot  be  detennined  from  Steudel's  protocols)  or  to  more  per- 
fect methods  of  isolation  employed  by  us,  is  not  apparent.  That  the 
absorption  is  not  rapidly  completed  is  suggested  by  the  occasional  lag 
observed  in  the  output  of  the  urinary  thymine,  as  in  Experiment  11 
(Rabbit).  The  identification  of  the  urinary  pyrimidine  was  satisfactory 
in  every  case. 

In  view  of  the  negative  results  regarding  the  synthesis  of  purines 
from  thymine  in  the  experiment  oil  man,  the  slight  increase  noted  in 
the  case  of  rabbits  must  stiU  be  regarded  as  inconclusive.  Sweet  and 
Levene**  failed  to  obtain  any  change  in  the  output  of  uric  acid  after 
feeding  6  gm.  of  thymine  to  their  Eck-fistula  dog.  This  is,  perhaps, 
not  strange  if  one  recalls  the  capacity  of  the  dog  to  destroy  purines  in 
metabolism;  but  they  likewise  failed  to  obtain  an  increase  in  the  total 
nitrogen  output,  although  much  of  the  thymine  was  recovered  as  such. 

Ib  thymlas  %  dinrstlc?  —  It  is  a  well-known  fact  that  the  methylated 
dioxypiuines  possess  a  pronounced  diuretic  action.  In  all  of  those  in 
common  use,  e.  g. 

HN CO  (CH,)N CO 

i  I  'I 

theobromine,    DC  C—N(CHj)  and  caffeine,      OC  C— N{CHs) 

1  II      ^CH  I  N      >CH 

(CH^N C— N  (CHJN— ^ — C— N 

a  methyl  group  is  attached  to  the  pyrimidine  nucleus.  This  at  once 
suggests  the  diuretic  possibilities  of  methylated  pyrimidines,  such  as 
thymine,  or  s-methyluracil.  In  view  of  Steudel's  claim  that  thymine 
is  destroyed  in  the  dog's  organism,  Sweet  and  Levene  "  utilized  animals 

'*  Sweet  and  Levene:  Journal  of  experimental  medicine,  1907,  ix,  p.  339. 
'*  Sweet  and  Levene:  Lot.  cit.;  also  Levene:  Biochemische  Zeitschrift,  1907, 
iv,  p.  317. 
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with  Eck  fistulse,  believing  that  with  the  exclusion  of  the  liver  thymine 
would  less  readily  be  destroyed  and  thus  demonstrate  any  latent  diuretic 
properties.  They  have  reported  marked  diuresis  after  addition  of  6  gm, 
of  thymine  to  the  purine-free  food  in  one  case,  and  as  litde  as  2  gm.  in 
another.  It  must  be  admitted,  however,  that  in  view  of  the  marked 
irregularities  id  water  intake,  in  their  second  experiment  at  least,  the 
data  are  not  so  convincing.  We  quote  the  protocol  (Levene,  Table  II) : 
Water  Urine 

March  31 450  35° 

April  3 350  150 

April  3 100  150 

April  4 300  100 

April  5 350  150       3  gm.  thymine  fed. 

April  6  . 500  350 

April  7 370  150 

April  8 135  160        3  gm.  thymine  fed. 

April  9 300  335 

April  10 300  150 

An  examination  of  our  own  protocols,  on  the  other  hand,  gives  no 
evidence  whatever  of  any  diuresis  attributable  to  the  thymine  admin* 
istered  either  in  rabbits  or  in  man.  Since  the  possibiCty  suggested  itself 
that  a  temporary  diuresis  might  be  compensated  in  a  subsequent  period 
and  thus  escape  notice  in  the  record  of  the  volumes  of  urine  excreted 
during  longer  periods,  the  urine  was  collected  directly  from  the  ureters 
and  the  rate  of  secretion  measured,  in  a  few  experiments  on  dogs.  Pro- 
tocols are  given  below : 

Rate  of  urine  secretion  »n  dogs  after  injections  of  thymine,  etc.  — ■ 
I.  A  dog  weighing  15.75  ''gni.  was  anesthetized  with  morphia  (31  mgm.) 
and  chloral  hydrate  (ca.  \\  gm.),  followed  by  A.  C.  E.  Cannulas  were 
introduced  into  the  ureters,  and  the  experimental  solutions  were  in- 
jected into  the  facial  vein.  Control  injections  were  made  with  alkali 
solutions  equivalent  to  that  used  (in  molecular  proportions)  to  dissolve 
the  thymine  introduced  (see  Table  VI). 

II.  A  second  dog,  weighing  9  kgm.,  under  chloral  hydrate  and  A.  C.  E. 
narcosis,  was  employed  in  the  same  maimer  as  in  the  previous  expen- 
ment.  One  of  the  ureters  was  very  small,  and  it  was  found  necessary 
to  employ  a  short  glass  cannula  in  this  case.    The  mine  never  flowed 
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Tune. 

Urine 
flow,  left 
kidney. 

Urine 
flow,  right 
kidney. 

Pulse  rate 
per  min. 

tionrate 

per  min. 

Naluie  of  the 

injections. 

3.0S-10 

3.6 

1.5 

3.10-15 

3.6 

1.S 

U2 

Nonnal  flow 

3.1S-20 

3.6 

3.3 

3.2S-33 

2.5 

1.0 

142 

333-38 

3.1 

1.3 

150 

3S 

3.42-47 
3.47-52 
3.S2-S7 

0.7 
IJ 
1.2 

1.0 
1.3 
1.5 

140 
130 
128 

34 
29 
28 

0.3  gm.  NbOH  in  25 
C.C.  of  0.9  per  cent 
NaCI.    Injected  in 
2imin. 

4.00-05 
4.05-10 
4.10-15 

0.2 
0 
0 

0.8 
0.2 
0.1 

116 
10+ 
88 

32 
41 
55 

1.0  gm.  of  thymine 
plus  0.3  gm.NaOH 
in  25  C.C.  of  0.9  per 
cent    NaCl.      In- 
jected in  2  min. 

4.1S-20 

2  drops 

0.1 

ineguUr 

46 

4.23-28 
4.2S-33 
4.33-38 

0. 
0 
0 

0 
0 
0 

142 
147 
136 

34 
57 
56 

0.1   gm.   diuretin   in 
25  C.C.  of  0.9  per 
cent   NaCl   plus  3 
drops  10  per  cent 
NaOH  in  3  min. 

regularly  from  this  ureter  (left).  No  urine  flowed  for  several  minutes 
prior  to  3.57,  but  from  then  until  4.00  three  drops  flowed.  The  results 
are  summarized  in  Table  VII. 

At  five  o'clock,  after  the  injection  of  0.1  gm.  caffeine,  the  urine  flowed 
abundandy  from  the  right  kidney. 

HI.  A  third  dog,  weighing  8.5  kgm.,  received  2.0  gm.  of  chloral 
hydrate  wad  A.  C.  E.  narcosis.  The  ureters  were  both  very  small,  and 
on  this  account  it  was  necessary  to  employ  glass  cannulas,  which  could 
be  inserted  only  a  short  distance  into  the  ureters.  The  results  are  found 
in  Table  VIII. 

The  action  of  caffeine  shows  the  susceptibility  of  the  kidney  to  a  suit- 
able diuretic.    No  diuresis  was  obtained  with  thymine. 
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TABLE  vn. 


Time. 

Urine. 

right  kidnej, 

drop*. 

Urine. 

Idl  kidney, 

drops. 

Nature  of  the 

4.00-05 
4.05-10 
4.10-15 
4.17-22 
4.22-27 
4.27-33 
433-38 
4J8^ 
4.43-»7 

12 

1 
1 
1 
1 
1 
0 
0 
0 
0 

OS  NaOH  in  25  c.c.  0.9  per 
cenlNaCI.     3.57-4.03 

1.0  gm.  thymine  in  25  c.c.  0.9 
per    cent    NaCI  +  0.3    gm. 
NaOH.    4.17-20 

0.1  gm.  diuretin  in  25  c.c.  0.9 
per    cent    NaCI  +  03    gm. 
NaOH.    4J3-40 

I,  yDimelhyllhymine.  —  Through  the  kindness  of  Professor  T.  B. 
Johnson  we  obtained  a  specimen  of  i,  3-dimethyUhyinine  prepared  by 


CH,  •  N- 

oi 


CH, 


CH,N CH 

1,  3-dimethyithymiDe 

Johnson  and  Clapp."  The  structure  of  this  compound,  which  is  quite 
soluble  in  water,  at  once  suggests  possibilities  of  diuretic  action,  which 
were  not  realized  in  the  only  trial  made. 

A  rabbit  weighing  2.46  kgm.  received  300  gm.  of  carrots  daily.  For 
several  days  the  urine  volume  varied  from  225  to  250  c.c. ;  i,  3-dimethyl- 
thymine  failed  to  provoke  diuresis,  as  shown  in  Table  IX. 

Experiments  with  Uracil. 

Babbit*.  —  A  rabbit  weighing  1.74  kgm.  was  fed  on  the  usual  low- 
nitrogen  carrot  diet.    Uracil  was  administered  as  the  sodium  salt,  pri- 
"'  Johnson  and  Claff:  Jouinal  of  Ut^ogical  chemistry,  1908,  v,  p.  59. 
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TABLE  vm. 


Time. 

A.M, 

UriDC, 

left  kidnn, 
diopt  (mmU). 

Urine, 
right  kidney, 
drop.  (Urge). 

Nature  of  the 
injectioa. 

11.05-10 

2p«miii- 

Ipermin. 

11.10-15 

ZpnouD. 

IpermiD. 

Nonnal  period 

11.15-20 

Zpermio. 

Ipermin. 

11.20-30 
llJO-40 
11.40-45 

9 

12 
0 

9 
12 
9 

03  gm.  N«OH  in  25  c.c.    0.9 
per  cent  NaCI,  «t  11.18J-20 

0.5  em.  tbymine  in  25  c.c.  0.9 
per  cent  NaCI  0.15  gm.  NaOH 
at  lUO-311 

11,45-50 

1 

6 

11.50-55 

0 

9 

No  apparent  tfmptonu 

11.55-60 
U.00-10 

24 
72 

19 
40 

0.1  gm.  caffeine  in  25  c.c.  rf  0.9 
per  cent  NaCI  +  0.15   gm. 
NaOH  at  11.55-56} 

12.10-15 

24 

35 

12.15-20 
12.20-25 

31 
27 

20 
16 

12.25-30 

22 

24 

12.45-50 

17 

6 

Period  before  injection 

12.50-55 
12.5S-«0 

7 
0 

8 

1 

0.5  gm.  thymine  in  25  c.c.  0.9 
per  cent   NaCI  +  0,15  gm. 
NaOH  at  12.50-511 

1.00-05 

0 

3 

S. 

Volume. 

220 
293 
242 
168 
250 

Specific 
gravity. 

injected. 

23 
24 

as 

26 
27 

1.025 
1.010 
1.012 
1.030 
1.013 

0.13  gm.  subcutaneouily  in 
ilenle  solution 
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marily  to  determine  whether  any  change  in  the  output  of  purines  would 
result. 

TABLE  X." 

Metabolisw  Expeuuekt  with  Ubacil  (Peedino  and 
Intkafeutoneal  Adkinistkation).    Rabbit  I. 


Nov. 
and 
Dec. 
1908. 

Vol- 

Specific 
gravity. 

Cteat- 
inine. 

Total 

N. 

Total 

Sodium  »lt  of 
uracil  given. 

28-29 
20-39 
30-  1 
1-2 
2-3 

3-  4 

4-  5 
5-6 
6-  7 

280 
20s 
330 
297 
228 
258 
228 
188 
197 

1.014 
1.015 
1.013 
1.013 
1.014 
1.014 
1.015 
1.016 
1.015 

.063 
.056 
'  .078 
.061 
.044 
.066 
.060 
.042 
.042 

.420 
.333 
.614 
.633 
.451 
.534 
.547 
.400 
J25 

8.6 
10.4 
9.6 
7.7 
7.9 
7.4 
9.0 
4.5 
4.7 

0.5  gm.  ptr  OS  la  AO  c.c.  sol. 

N  -  0.12  gm. 
1.0  gm.  per  OS  iT,  20  c.c.  sol. 

N  -  0.25  gn. 

0.2  gm.  in  4  c.c.  sol.  iiOra- 
ptritotuaUy.    0.5  gm.  per 
(u  in  20  C.C.  solution. 

According  to  the  above  data,  uracil  is  without  influence  on  the  purine 
elimination  in  the  urine.  The  creatinine  also  remained  practically  con- 
stant. No  creatine  was  found  on  1-2.  On  the  third  and  fourth  days 
an  increase  in  the  total  nitrogen  eliminated  is  noted,  in  part  propor- 
tional to  the  amount  of  uracil  ingested.  No  untoward  symptoms  were 
noted,  nor  was  the  volume  of  the  urine  found  to  be  materially  changed. 
The  color  reaction  indicated  the  elimination  of  a  considerable  portion  of 
the  uracil.  For  example,  on  the  third  day  a  moderately  strong  reaction 
was  obtained  in  the  urine  with  bromine  water  and  baryta  after  the 
usual  precipitation.  On  the  foiulh  day  a  strong  reaction  was  obtained, 
on  the  fifth  none,  on  the  sixth  a  faint  reaction,  and  on  the  seventh  a 
moderately  strong  reaction. 

Inasmuch  as  the  purine  elimination  was  found  to  remain  imchanged 
in  the  first  experiment  with  uracil,  it  seemed  desirable  to  estimate  the 
urea  in  a  similar  experiment.  For  this  experiment  the  same  animal  was 
employed. 
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TABLE   XI. 
Metabolibh  Exfeument  with  Uracil.    Rabbit  I. 


Dec. 

190S. 

Vo^ 

Specific 
gaWty. 

Creftt- 
inine. 

Ci«a- 
line. 

ToUl 

N. 

Urea  + 
nia.  N. 

Difler- 

Sodium  sale 
of  uracil  fed. 

8-9 

221 

1X)13 

.03is 

■"■ 

.212 

.144 

.068 

^10 

218 

1X)1S 

.067 

J92 

J06 

.086 

im 

260 

1.011 

.030 

.265 

.322 

.043 

11-12 
12-13 

29S 

182 

1.015 
1.013 

.076 
.042 

„:„ 

.611 
.360 

.381 
.281 

.230 
.079 

1.5  gm.  in  35 
C.C.  sot.  N  - 
0.37  gm. 

13-14 

288 

1.013 

.069 

.006 

.423 

.307 

.116 

14-15 

222 

1.018 

.082 

.007 

.413 

575 

.138 

From  the  above  results  there  is  apparent  only  a  very  slight  increase  in 
the  urea  elimination,  if  any,  after  the  ingestion  of  uracil.  A  very  strong 
color  reaction  was  obtained  from  the  urine  of  the  uracil  day  and  a  slight 
reaction  from  that  of  the  following  day.  From  loo  c.c.  of  urine  on  the 
fourth  day,  0.386  gm.  of  uracil  was  recovered,  which  would  be  equiva- 
lent to  about  t.15  gm.  for  the  day.  After  being  further  purified,  it  was 
subjected  to  a  Kjeldahl  nitrogen  determination. 


N   , 


Calcuialed  for 
C,H.N,0,: 

35-03 


339 


The  uracil  was  apparently  eliminated  in  a  large  measure  unchanged. 

When  2-thiouracil*'  in  the  form  of  its  sodium  salt,  was  administered 

to  a  rabbit,  the  elimination  of  "neutral"  sulphur  was  greatly  increased. 

HN CO 

I  I 

SC  CH 

I  II 

HN CH 

2-ibiouracil 

"  In  the  synthesis  of  uracil  as  described  by  Wheeler  and  Liddle:  American 
chemical  journal,  190S,  xl,  p.  547,  s-thiouiadl  b  first  prepared  by  condensing  thiourea 
with  the  sodium  salt  of  formylacetic  ester.  Upon  treating  thiouradi  with  mono- 
chloracetic  add  uradl  results. 
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Id  a  trial  with  a  guinea  pig  the  urine  gave  a  strong  color  reaction  with 
bromine  water  and  baryta,  after  the  routine  precipitation.  It  is  prob- 
able from  these  data  that  3-thiouracil  is  eliminated,  in  part  at  least, 
unchanged. 

Dofs.  —  Two  feeding  experiments  were  made  with  uracil  on  dogs. 
In  the  first  experiment  an  animal  of  6.6  kgm.  weight  was  given  0.5  gm. 
of  uracil  mixed  with  milk  and  cracker  meal.  When  the  230  c.c.  of  urine 
collected  on  the  following  morning  were  precipitated  with  mercuric 
sulphate,  and  the  precipitate  was  disintegrated  with  hydrogen  sulphide, 
a  few  cubic  centimetres  of  the  100  c.c.  filtrate  gave  a  strong  reaction  with 
bromine  water  and  baryta,  demonstrating  the  presence  of  uracil 

A  second  experiment  was  begun  on  a  bitch  of  6.9  kgm.  weight  on 
January  8.  At  10.30  a.  u.  3.5  gm.  of  the  sodium  salt  of  uracil  in  160  c.c. 
solution  were  given  to  the  dog  with  a  tube.  A  half  hour  later  this  was 
completely  vomited  up.  At  4  p.  m.  on  the  same  day  2.0  gm.  of  uracil 
were  given  to  the  dog  mixed  with  hashed  meat.  The  vomitus  was  dried 
down  and  fed  the  next  morning  mixed  with  meat  and  cracker  meal. 
The  first  urine  was  passed  on  January  10,  the  48-hour  specimen  amount- 
ing to  292  c.c.  On  the  next  morning  (nth),  290  c.c.  of  urine  were  col- 
lected. One  third  of  the  urine  from  the  first  two  days  was  precipitated 
with  mercuric  sulphate  and  disintegrated  with  hydrogen  sulphide  in 
the  usual  manner.  The  solution  now  gave  a  very  strong  color  reaction 
with  bromine  water  and  baryta.  After  the  routine  purification,  0.799 
gm.  of  a  substance  having  all  of  the  properties  of  uracil  was  obtained. 
This  would  be  equivalent  to  3.4  gm.  for  the  292  c.c.  of  urine.  After 
recrystallization  the  substance  gave  the  following  nitrogen  determina- 
tion (Kjeldahl) : 

N  .  .  .  . 35.03  34.84 

A  moderate  color  reaction  for  uracil  was  also  obtained  in  the  urine  of 
the  eleventh. 

Mas.  —  It  seemed  desirable  to  test  the  ability  of  the  human  organism 
to  destroy  uracil  and  also  to  determine  whether  or  not  any  diuresis  is 
produced.  The  experiment  was  made  in  the  same  way  as  the  one  pre- 
viously described  for  thymine,  the  uracil  being  taken  at  11  p.m.  just 
before  retiring. 
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TABLE  xn. 

Metabousm  ExFEUKEm  with  Ubach^    Mam. 


Volume 

Volume 

March, 
1909. 

10.30 

Speci6e 
gravity. 

10.30 

P.M. 

Specific 
gravily. 

Volume 
24  hr. 

Specific 
gravity. 

CrMt- 
inine. 

Uracil 
takeo. 

^1 

39S 

1.015 

590 

1.029 

985 

1J)25 

1.57 

7-  8 

445 

1.020 

594 

1.023 

1039 

1.022 

1.56 

8-9 

47S 

1:022 

775 

1.014 

1250 

1.016 

1.69 

9-10 

4SS 

1.019 

700 

1.019 

1155 

1.019 

1.70 

2.0  gm. 

10-11 

310 

1.025 

485 

1.02s 

795 

1.025 

1.50 

11-12 

330 

1.028 

656 

1.018 

986 

1.020 

1.60 

12-13 

350 

1.024 

750 

1.019 

1100 

1.020 

1.59 

No  untoward  sjonptoms  were  noted,  and  uracil  apparently  had  no 
specific  influence  on  the  volume  of  the  urine.  From  the  first  twelve 
hours'  urine  on  the  uracil  day,  a  moderately  strong  color  reaction  was 
obtained  after  disintegrating  the  mercury  precipitate.  Five  cubic 
centimetres  of  a  total  volume  of  250  c.c.  were  employed  for  this  test. 
However,  sufficient  uracil  could  not  be  separated  for  a  nitrogen  deter- 
mination. No  color  reaction  could  be  obtained  in  the  urine  for  the 
second'  twelve  hours. 

IHiciiMioit  ot  th*  roBDlta.  —  No  toxic  symptoms  were  obtained  in 
any  case  with  uracil.  The  output  of  purines,  in  the  rabbit,  remained 
unaltered  by  uracil,  which  was  evidently  absorbed.  The  elimination 
of  creatinine  was  not  notably  disturbed,  nor  was  any  diuresis  noted 
beyond  what  might  be  attributed  to  the  water  of  solution  introduced. 
Our  experiments  again  differ  from  the  conclusions  of  Steudel,  who 
claims  that  uracil  disappears  in  the  organism  of  the  dog.  We  have 
succeeded  in  isolating  the  excreted  compound  and  noting  the  rate  at 
which  its  elimination  proceeds. 
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EXPEWVENTS  WITH  CyTOSINE. 

Since  Steudel  **  has  suggested  that  the  amino  pyrimidines  may  be 
toxic,  preliminary  trials  were  made  on  guinea  pigs  to  determine  this: 

OolaM  pigi.  —  An  intraperitoneal  injection  of  0.4  gm.  of  cytosine 
hydrochloride  in  about  4  c.c.  of  solution  was  given  to  a  guinea  pig  of 
290  gm.  weight.  Several  hours  later,  about  5  c.c.  of  urine  were  passed. 
The  urine  itself  gave  aji  intense  color  reaction  with  bromine  water  and 
baryta.  An  equally  intense  reaction  was  obtained  from  the  urine  on 
the  next  morning,  but  no  reaction  could  be  obtained  from  the  urine  on 
the  third  day.  The  animal  died  on  the  fourth  day;  but  an  autopsy  in- 
dicated that  death  was  very  probably  due  to  peritonitis. 

Two  tenths  of  a  gram  of  cytosine  hydrochloride  were  injected  sub- 
cutaneously  in  the  back  of  a  guinea  pig  of  500  gm.  weight.  The  urine 
itself  on  the  next  morning  did  not  give  the  color  reaction,  but,  after  the 
routine  predpitation  with  merctiry,  an  intense  reaction  was  obtained. 
No  test  for  cytosine  could  be  obtained  in  the  urine  on  the  succeeding 
day. 

An  experiment  was  made  to  determine  the  delicacy  of  the  color  reaction 
and  also  to  determine  whether  or  not  a  small  amount  of  cytosine  hydro- 
chloride would  be  destroyed.  To  the  same  guinea  pig  50  mgm.  of  cyto- 
sine hydrochloride  were  given  subcutaneously.  From  the  urine  collected 
nn  the  next  morning  a  distinct  color  reaction  could  be  obtained. 

Two  days  later  1.0  gm.  of  cytosine  hydrochloride  in  about  5  c.c.  solu- 
tion was  given  subcutaneously  in  the  back  of  the  same  animal.  After 
the  injection  a  few  convulsive  symptoms  were  noted,  but  these  quickly 
disappeared.  On  the  next  morning  the  guinea  pig  appeared  in  good 
condition.  The  urine  itself  gave  a  slight  color  reaction,  and,  after  the 
routine  precipitations  with  mercury  and  silver,  a  very  strong  reaction. 
When  the  recovered  material  was  evaporated  to  dryness  and  treated 
with  a  few  cubic  centimetres  of  dilute  hydrochloric  acid,  it  immediately 
went  into  solution,  showing  the  absence  of  uracil  and  hence  that  cyto- 
sine had  not  been  deamidized  in  the  body.  The  weight  of  the  pure 
white  residue  obtained  after  evaporation  was  0.950  gm.  From  this 
only  0.150  gm.  of  cytosine  picrate  could  be  obtained.  A  nitrogen  de- 
termination (salicylic  acid  modification  of  the  Kjeldahl- Gunning  method) 
resulted  as  follows: 

'*  Stebd£l:  Zdtschrift  fOr  physiologische  Cbemie,  1901,  xxai,  p.  190. 
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N  . 


Calculated  for 
CJI.ON,  ■  C,H,(NOJ,OH: 
.    .    .  24.63 


24.46 


No  color  reaction  could  be  obtained  from  the  urine  on  the  next  morn- 
ing. Notwithstanding  the  large  amount  of  material  injected  in  such 
a  small  animal,  no  marked  symptoms  were  observed.  The  animal  was 
apparently  in  the  best  condition  several  weeks  later.  Cytosine  is  evi- 
dently non-toxic. 

Rabbits.  —  Two  metabolism  ex[>eriments  were  made  on  rabbits.  In 
the  first  of  these  the  cytosine  was  fed  and  in  the  second  injected.  A 
rabbit  of  2.52  kgra,  weight  on  the  usual  carrot  diet  was  used  in  the  first 
experiment. 

TABLE  XIII. 
Metaboliem  Experiment  —  Cytosine  pes  os.    Rabbit. 


Feb 
1909. 

Vol- 

Sp. 

Creat- 
inine. 

Crt*- 

Total 
N. 

Urea  + 
amrao- 

ni«N. 

Differ- 

Cytosine 

17-18 

240 

1.016 

.101 

.014 

1.080 

.839 

.241 

lfr-19 

247 

1.013 

.102 

.017 

0.763 

.515 

548 

l9-7a 

228 

1.016 

.107 

.000 

0.855 

.607 

548 

20-21 
21-22 

270 
262 

1.011 
1.014 

.101 
.095 

.006 
.008 

0.846 
0.751 

.567 
.550 

.279 
.201 

2.0  pn.   in  35 
C.C.  sol.  N  - 
0.56  gn>. 

22-23 

25S 

1.013 

.103 

.005 

0.830 

.528 

.302 

23-24 

222 

1.007 

.090 

.005 

0.573 

.393 

.180 

No  particular  changes  were  observed  in  the  various  urinary  constit- 
uents as  being  due  _to  the  ingestion  of  cytosine.  The  urine  of  both  the 
fourth  and  fifth  days  gave  a  strong  color  reaction  with  bromine  water 
and  baryta.  It  was  possible  to  isolate  from  the  two  urines,  calculated 
for  their  total  volumes,  1.0  gm.  of  cytosine  picrate,  about  0.15  gm. 
being  from  the  fifth  day.  After  the  removal  of  the  cytosine  it  was  im- 
possible to  detect  uracil.  The  dry  residue,  both  before  and  after  remov- 
ing the  cytosine,  immediately  went  into  solution  upon  treating  with 
a  few  cubic  centimetres  of  dilute  hydrochloric  acid,  which  would  not 
have  been  the  case  if  uracil  had  been  present.  Wheeler  and  Johnson  *° 
■■  WB££L£K  and  Johnson:  Americaii  chemical  journal,  1903,  zzix,  p.  49a. 
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have  shown  that  cytosine  picrate  has  a  melting-point  of  264°  C,  unless 
absolutely  pure,  and  this  was  found  to  be  the  case  here.    A  nitrogen 
■  determination    (salicylic  acid  modification  of  the   Kjeldahl-Gunning 
method)  resulted  as  follows : 

Calculated  for  ir.„„j 

C,H,ON,  ■  C,H,(NO,),OH:    '*""»°- 

N 34.63  34-78 

The  second  experiment  was  made  upon  an  animal  of  3.44  kgm. 
weight  on  the  usual  carrot  diet,  the  cytosine  hydrochloride  being  given 
intravenously  in  the  marginal  vein  of  the  ear.  It  was  dissolved  in  30 
c.c.  of  0.9  per  cent  sodium  chloride  solution  and  injected  slowly  diuing 
fifteen  minutes  at  a  tempwature  of  36°  C,  In  this  animal  a  study  was 
likewise  made  of  the  purine  elimination. 

TABLE  XIV. 
'  Metabousk  Expeeiment  —  Cytosine  intra  venah.    Rabbit. 


Match 
1909. 

Volume. 

Specific 
giayily. 

Creat- 

Crea- 

Total 
N. 

Total 
purine 

N. 

Cytosine 
hydrochloride 

6-7 

262 

1.014 

,1« 

.032 

1.194 

S.4 

7-8 

326 

1.010 

.121 

.016 

.538 

4,4 

8-9 

215 

1.015 

.104 

.022 

.571 

3.4 

9-10 
10-11 

289 
206 

1.00s 
1.012 

.107 
.106 

.016 
.015 

1.088 
.797 

2.6 
1.9 

1.5  gm.  in  30 
C.C.     solution 
N  -  0.42  gm. 

11-12 

207 

1.010 

.100 

.008 

.621 

1.8 

12-U 

23S 

1.012 

.102 

.012 

.634 

3.3 

13-14 

220 

1.009 

.100 

.009 

.574 

3.6 

A  short  time  after  the  injection  the  rabbit  was  foimd  eating,  and 
no  bad  symptoms  were  observed.  On  the  day  the  cytosine  was  given 
an  increase  was  observed  in  the  total  nitrogen  elimination  in  propor- 
tion to  the  amount  of  cytosine  injected.  The  purine  elimination,  how- 
ever, was  not  increased.  In  this  urine  a  very  strong  color  reaction  was 
obtained  with  bromine  water  and  baryta  after  the  routine  precipitation 
with  mercury  and  disintegration  with  hydrogen  sulphide.     Only  the 
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merest  trace  of  purine  precipitate  could  be  obtained  in  the  urine  of  this 
day.  From  half  the  urine  0,355  ?•"■  o^  cytosine  picrate  was  obtained, 
equivalent  to  0.71  gm.  for  the  total  urine.  The  picrate  was  crystallized 
from  a  hot  solution  and  the  needles  were  a  half-inch  in  length.  The 
usual  nitrogen  determination  resulted  as  follows: 

N 24-63  34-67 

No  color  reaction  could  be  obtained  in  the  urine  of  the  fifth  day, 
showing  that  the  cytosine  was  speedily  eliminated  after  injection. 

Doj.  —  One  injection  experiment  with  cytosine  hydrochloride  was 
made  with  a  dog.  An  animal  of  10.6  kgm.  weight  was  given  an  intra- 
peritoneal injection  of  a.o  gm.  of  cytosine  hydrochloride  in  15  c.c.  of 
physiological  saline  at  11  a.  m.  March  27.  The  next  morning,  at  10.30, 
205  c.c.  of  urine  were  collected.  Half  of  this  urine  was  precipitated  with 
mercury  in  the  usual  manner,  disintegrated  with  hydrogen  sulphide, 
and  boiled  with  animal  charcoal.  A  few  cubic  centimetres  of  this 
filtrate  gave  an  intense  color  reaction  with  bromine  water  and  baryta. 
The  mercury  precipitation  was  repeated  as  above,  the  Eltrate  precipi- 
tated with  silver  nitrate  and  baryta,  disintegrated  with  hydrogen  sul- 
phide, and  boiled  with  animal  charcoal.  From  this  0.105  g™-  cytosine 
was  obtained  as  the  picrate,  an  equivalent  of  0.215  g">-  '°''  '^^  whole 
urine. 

On  the  morning  of  the  28th  the  dog  was  fed  its  customary  meal  and 
on  the  29th  at  9  A.  M.  in  c.c.  of  urine  were  collected.  No  cytosine 
could  be  detected  in  the  urine'. 

The  usual  nitrogen  determination  on  the  0.105  g™-  °^  cytosine  picrate 
resulted  as  follows : 

Calculated  for  =■„,.„  j  . 

C.H.ON,  ■  C,H,(NO,),OH:      'O""**- 

N 24.63  24.68 

Mm.  —  An  experiment  was  made  to  ascertain  the  ability  of  the 
human  organism  to  destroy  cytosine  and  also  to  determine  the  influence, 
if  any,  on  the  quantity  of  urine  secreted.  The  procedure  employed  was 
the  same  as  in  the  case  of  thymine  and  uracil.  The  cytosine  hydro- 
chloride was  taken  at  10.30  P.  u.  just  before  retiring.  No  symptoms  of 
any  kind  were  noted. 
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1.60 

12-13 
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1.024 

750 

1.019 

1100 

1.020 

1.S9 

13-14 

300 

1.027 

1165 

1.0U 

1465 

1.015 

1.52 

14-15 

29S 

1.027 

425 

1.022 

720 

1.025 

1.58 

2.0  gm. 

lS-15 

320 

1.027 

485 

1.025 

705 

1.026 

1.43 

16-17 

350 

1.025 

955 

1.01S 

1305 

1.017 

1.68 

17-18 

355 

1.024 

500 

1.025 

855 

1,025 

1.54 

The  twelve-hour  urines  between  10.30  p.  M.  and  10.30  a.  u.  are  re- 
markably constant  in  volume  throughout.  The  normal  constancy  is 
also  noted  in  the  creatinine  elimination.  On  the  day  the  cytosine  was 
taken  a  strong  color  reaction  was  obtained  with  the  urine  of  the  first 
twelve  hours,  and  a  moderate  reaction  in  that  of  the  second  twelve 
hours.  Although  a  strong  color  reaction  was  observed,  only  0.15  gm. 
of  cytosine  picrate  could  be  isolated  from  the  first  twelve  hours'  urine. 
No  uracil  could  be  detected.  A  nitrogen  determination  was  made  in  . 
the  customary  manner  with  the  following  result : 


N  , 


Calcutaled  for 
C,H.0N,-C.H,(NO,),OH ; 

.    .    .  24-63 


34.70 


XHMOMlon  of  tba  loraUs.  —  Cytosine  hydrochloride  is  not  toxic 
according  to  the  evidence  obtained  on  various  species  in  our  experi- 
ments. It  does  not  alter  the  output  of  purines  under  conditions  where 
it  is  obviously  absorbed,  nor  does  it  alter  the  output  of  creatinine.  It 
has  no  specific  diuretic  properties.  C>'tosine  was  recovered  unchanged 
in  the  urine  of  all  types  of  animals  investigated.  Uracil  could  not  be 
obtained  as  a  product  of  deamination  of  cytosine  in  metabolism. 
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•'•'•■'  Experiments  with  Nucleic  Acms. 

';  '  In  their  study  of  nuciein  metabolism  in  a  dog  with  Eck's  fistula, 
•  Sweet  and  Levene  "  were  unable  to  find  thymine  in  the  urine  when 
nucleic  acid  was  fed,  although,  as  already  mentioned,  thymine  ingested 
as  such  was  excreted  again.  They  concluded  that  either  nucleic  acid 
is  not  completely  disintegrated  in  the  organism  or  is  metabolized  so 
slowly  that  the  thymine  liberated  has  a  chance  to  be  destroyed. 

Our  experience  in  a  few  experiments  has  been  similar  to  this.  Ten 
grams  of  yeast  nucleic  acid  (from  Parke,  Davis  &  Co.)  were  fed  in  the 
form  of  sodium  nucleate  through  a  stomach  tube  to  a  rabbit  weighing 
2.3  kgm.  The  pyrimidines  which  are  obtained  from  yeast  nucleic  acid, 
cytosine  and  uracil,  both  give  the  color  reaction  with  bromine  water 
and  baryta.  On  this  accoimt  it  was  thought  that  if  either  of  these 
pyrimidines  passed  into  the  urine,  they  could  easily  be  detected.  How- 
ever, neither  on  the  day  following  the  nucleic  acid  feeding  nor  on  the 
succeeding  day  could  a  color  reaction  be  obtained  after  the  usual  mer- 
cury precipitation. 

An  attempt  was  made  to  detect  cj^osine  in  the  urine  of  two  men  re- 
ceiving a  rich  nucleoprotein  diet,  by  means  of  the  color  reaction  of 
Wheeler  and  Johnson.  These  individuals  eliminated  r.o  gm.  and  0,7 
gm.  of  uric  acid  respectively.  Several  hundred  cubic  centimetres  of 
urine  from  both  were  twice  precipitated  with  mercuric  sulphate  and 
potassium  hydroxide,  the  precipitate  disintegrated  with  hydrogen  sul- 
phide, and  the  resultant  solution  concentrated.  No  color  reaction  for 
the  pyrimidines  could  be  obtained. 

Further  trials  in  this  direction  are  proposed  before  any  final  conclu- 
sion is  drawn  from  such  data.  It  ,will  be  necessary,  first  of  all,  to  feed 
nucleic  acids  in  quantities  yielding  an  amotmt  of  pyrimidines  compar- 
able with  what  is  known  from  our  experiments  to  reappear  in  the  urine. 

Experiments  with  Pyrimidines  and  Liver  Extracts. 

Reference  has  already  been  made  to  the  possibility  of  the  existence 

of  tissue  enzymes  capable  of  producing  in  the  pyrimidines  changes 

analogous  to  those  experienced  by  purines.    Aside  from  the  well-known 

enzymatic  deaminalion  reactions  and  the  oxidative  changes,  a  demethy- 

**  Sweet  and  Levene:  Lcc.  cit. 
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lation  of  tn'methylxanthine  (caffeine)  by  means  of  tissue  extracts  has 
been  reported  by  Kotake  "  and  by  Schittenhelm."  We  desire  to  record 
protocols  of  a  few  trials  with  extracts  made  from  fresh  livers  of  pigs. 
The  hashed  tissues  were  extracted  with  3-4  volumes  of  water,  allowed 
to  stand  forty-eight  hours,  and  filtereJ. 

Thjrmiae. — For  thymine,  500  c.c.  of  liver  extract  and  0.5  gm.  of 
thymine  were  employed.  They  were  allowed  to  stand  at  room  tem- 
perature with  toluene  in  a  closed  vessel  for  six  weeks.  At  the  end  of 
that  time  no  color  reaction  could  be  obtained  for  uracil,  and  though  the 
work  was  not  quantitative,  the  thymine  could  in  a  large  measure  be 
recovered.    The  method  was  as  follows : 

The  protein  remaining  in  solution  was  removed  by  coagulation.  The 
filtrate  was  precipitated  with  mercuric  sulphate  and  potassium  hydrox- 
ide, and  the  precipitate  disintegrated  with  hydrogen  sulphide,  boiled 
with  animal  charcoal,  and  the  process  repeated.  The  purines  were 
now  removed  with  ammoniacal  silver  solution,  and  the  pyrimidines 
finally  precipitated  with  silver  nitrate  ^d  baryta  after  slightly  acidify- 
ing the  above  solution  with  nitric  acid.  The  precipitate  was  filtered 
off,  washed,  slightly  acidified  with  sulphuric  acid  to  remove  barium, 
an<i  disintegrated  with  hydrogen  sulphide.  The  solution  was  cleared 
with  animal  charcoal,  filtered  and  concentrated.  No  color  reaction 
could  be  obtained  with  bromine  water  and  baryta,  but  thymine  crystal- 
lized out ;  hence  it  is  assumed  that  thymine  had  not  I)een  demethylated 
and  changed  to  uracil. 

OTtoiln*.  —  The  same  procedure  was  employed  for  cytosine,  0.5  gm, 
of  the  hydrochloride  being  used  for  500  c.c.  of  liver  extract.  From  the 
silver  and  baryta  filtrate  a  strong  color  reaction  was  obtained  with 
bromine  water  and  baryta,  and  when  picric  acid  was  added  to  the 
solution,  cytosine  picrate  at  once  crystallized  out,  showing  that  the 
bulk  of  the  cytosine  at  least  had  remained  unchanged. 

Ur&dL  —  Two  series  of  experiments  were  made  to  determine  whether 
or  not  enzymes  capable  of  destroying  uracil  were  present  in  the  liver. 
To  500  c.c.  of  fresh  liver  extract,  0.3  gm.  of  the  sodium  salt  of  uracil 
was  added.  Four  autolyses  were  made,  all  in  the  presence  of  toluene; 
in  (a)  air  was  allowed  to  bubble  through  eight  hours  per  day;  (6)  was 
dosed;  in  {c)  air  was  allowed  to  bubble  through  boiled  extracts;   {d) 

**  Kotake;  Zeitschrift  fUr  pliysiologische  Chemie,  1908,  Ivii,  p.  378. 
**  ScHiTTENEELU :  ZeDtnltJatt  fOr  Stoffwechsel,  1908,  iii,  p.  390. 
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was  a  control  with  air,  but  no  uracil.  In  both  series  of  ex[>enments  air 
was  allowed  to  bubble  through  the  extract  as  indicated  for  ten  days  in 
a  thermostat  at  38°  C. ;  but  at  the  end  of  that  time  the  color  reaction 
with  bromine  water  and  baryta  could  always  be  obtained  in  the  solu- 
tion to  which  uracil  had  been  added.  The  liver  extracts  were  "  active," 
as  the  changes  in  the  purines  showed.  However,  the  details  of  the  latter 
are  hardly  of  sufficient  importance  to  be  reported  here. 

The  above  data  indicate  that  in  the  pig  liver,  at  least,  no  enzymes  are 
present  which  are-  easily  capable  of  producing  extensive  changes  in  the 
pyrimidines  under  the  conditions  of  our  trials. 


Conclusions. 

Our  exj)eriments  have  been  carried  out  on  normal  animals  under 
conditions  which  leave  no  doubt  regarding  the  actual  introduction  of 
the  pyrimidines  used  into  the  circulation.  It  appears  that  neither 
cytosine  nor  uracil  contributes  to  the  formation  of  the  purines  elimi- 
nated in  the  urine.  The  same  conclusion  may  be  applied  to  thymine 
if  one  excepts  two  experiments  on  rabbits  in  which  a  sUght  increase  of 
purine  elimination,  was  noted.  It  is  unlikely  that  this  was  due  to  a  syn- 
thesis from  the  thymine  introduced,  since  the  transformation  would  re- 
quire a  demethylation  of  thymine  for  which  we  have  as  yet  established 
no  evidence.  An  indirect  effect  is  equally  plausible  as  an  explanation 
in  these  instances.  The  creatinine  metabolism  was  unaffected  by  any 
of  the  compounds  used. 

The  experiments  with  the  three  pyrimidines  introduced  as  such  into 
the  organism  indicate  that  they  are  more  stable  in  metabolism  than 
are  the  familiar  purines,  which  readily  imdergo  transformation.**  Con- 
trary to  the  experiments  of  Steudel,  who  has  devoted  much  attention 
to  the  pyrimidines,  lue  were  able  to  recover  cytosine,'^  uracil,  and  thymine 
from  the  urine  of  various  species  in  feeding  and  injection  trials.  The 
absence  of  marked  increase  in  the  urea-ammonia  output,  despite  the 
increased  elimination  of  nitrogenous  compounds,  likewise  speaks  against 
extensive  conversion  to  urea.  On  the  other  hand,  pyrimidines  have  not 
yet  been  detected  in  the  normal  urine  even  after  feeding  nucleic  acids. 

**  Extensive  data  on  the  t>ehavior  of  the  purines  in  metabolism  have  been  col- 
lected in  Ibis  laboratory  by  Dr.  J.  F.  Lvuan  and  will  soon  be  published. 
**  No  data  on  cytosine  have  been  reported  by  others. 
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Whether  this  is  the  result  of  quantitative  conditions  or  more  specific 
metabolic  causes  is  not  dear.  One  recalls  the  curious  reverse  anomaly 
in  cystinuric  individuals  who  are  unable  to  destroy  the  endogenous 
cystine,  but  oxidize  the  same  product  when  it  is  fed  lo  them. 

The  pyrimidines  studied  are  devoid  of  marked  pharmacological 
properties.  Neither  thymine  nor  dimethylthyminc  exhibits  any  diuretic 
action  in  normal  animals  or  man.  Cytosine,  an  aminopyrimidine, 
shows  no  marked  toxicity.  Further  details  have  been  discussed  in 
connection  with  the  experimental  data. 
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THE  PHYSIOLOGY  OF  CELL-DIVISION.  —  II.  THE  ACTION 
OF  ISOTONIC  SOLUTIONS  OF  NEUTRAL  SALTS  ON 
UNFERTILIZED  EGGS  OF  ASTERIAS  AND  ARBACIA. 


I.  Introductory. 

^  I  'HE  conditions  under  which  cell  diviaon  and  development  may  be 
•■■  initiated  In  unfertilized  eggs  are  now  known  to  be  both  numerous 
and  highly  varied.'  Temporary  alteration  of  the  osmotic  equilibrium 
between  the  egg  and  its  medium  (action  of  hypertonic  and  hypotonic  ' 
solutions),  temporary  exposure  to  high  (34°  to  38°)  or  low  (near  freez- 
ing) temperatures,  mechanical  or  electrical  treatment,*  the  action  of 
numerous  electrolytes,  coagulative  substances,*  and  fat  solvents  (includ- 
ing bile  salts),  and,  finally,  the  action  of  certain  (chiefly  haemolytic) 
alkaloids  (saponin,  solanin,  digitalin)  and  foreign  blood  sera,  have  all 
been  found,  either  alone  or  in  various  combinations,  to  produce  this 
effect.    For  the  greater  part  of  the  experimental  progress  in  this  funda- 

'  It  is  impossible  within  the  limits  of  this  article  to  review  the  literature  of  arti- 
fidal  parthenogenesis.  Professor  Loeb's  recent  book  "Die  chemische  Entwick- 
lungserregung  des  tierischen  Eies,"  Berlin,  1909,  contains  an  exhaustive  survey  of 
the  subject. 

'  McClendon  reports  having  started  cleavage  in  sea  urchin  eggs  by  temporary 
exposure  to  dilute  sea  water:  "Science,"  1909,  p.  454. 

*  C/.  Delaoe:  Archives  de  zoologie  up^rimenlale  et  g^n^rale,  1908,  s&.  4,  ix, 
notes  et  revue,  p,  xxx. 

*  Delage's  experiments  with  tannin  solutions  containing  ammonia  belong  to 
this  category.  This  method  also  gives  good  results  at  Woods  Hole  with  Arbada. 
I  have  tested  (he  action  of  several  protein  precipitants  —  tajinln,  picric  acid,  phos- 
photungstic  add,  in  concentrations  of  ^  per  cent  and  ^  per  cent  in  sea  water  — 
on  starfish  eggs,  and  have  found  that  membrane  formation,  cleavage,  and  in  some 
cases  (espedally  with  tannin)  development  to  the  blasiula  stage  may  be  induced  by 
brief  exposure  (varying  from  one  lo  ten  minutes)  to  these  solutions. 
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mental  field  of  research  and  for  a  most  suggestive  and  far-reaching 
analysis  of  the  nature  of  the  initiatory  process,  biological  science  is 
.indebted  to  the  work  of  Jacques  Loeb,  to  whom  all  investigators  in  this 
and  related  fields  must  acknowledge  profound  obligations. 

The  facts  of  artificial  parthenogene^s  have  shown  cle^ly  that  in 
each  unfertilized  resting  egg  there  is  inherent  a  latent  or  quiescent  devel- 
opmental mechanism  which  may  be  set  in  operation  by  any  one  of  a 
variety  of  external  changes  of  condition;  they  also  indicate  that  this 
mechanism  once  set  in  motion  tends  to  run  its  course  automatically, 
although  it  may  be  checked  or  diverted  by  abnormal  external  or  inter- 
nal influences.  The  essential  and  theoretically  significant  facts  estab- 
lished by  the  above  researches  are,  thus,  (i)  that  a  temporary  initial 
change  of  condition  may  cause  the  germ  to  pass  through  the  entire 
cycle  of  developmental  transformation,  and  (2)  that  the  exact  nature 
of  this  initial  change  is  a  matter  of  secondary  importance. 

In  the  development  of  most  metazoa  mitotic  cell  divisions  —  in  the 
early  stages  at  least  —  appear  to  form  the  chief  agency  in  the  orderly 
transformation  and  distribution  of  material;  typically  cell  division  is  the 
first  evident  change  in  the  developing  ^g,  and  apparently  the  initia- 
tion of  cleavage  in  some  way  involves  the  initiation  of  development. 
Just  why  development  should  be  almost  imiversally  associated  with 
mitotic  cell  division  is  a  problem  whose  consideration  I  shall  not  attempt 
in  the  present  paper.  It  is  sufficiently  clear  that  further  insight  into  the 
physical  and  chemical  nature  of  this  complex  process  —  or  rather  com- 
bination of  processes  —  will  be  essential  for  a  fuller  understanding  of 
development.  In  the  present  paper  I  propose  to  consider  cell  diviaon 
by  itself,  disregarding  provisionally  its  relation  to  development;  and 
I  shall  treat  the  problem  of  the  initiation  of  development  as  if  it 
involved  merely  the  simpler  problem  of  the  initiation  of  cell  diviaon. 
The  nature  of  the  initial  change  in  cell  division  is  thus  the  chief  ques- 
tion to  be  considered.  The  rhythm  of  division,  once  the  process  is 
started,  tends  to  continue;  that  it  is  accompanied  by  progressive  embry- 
onic differentiation  may  for  the  present  be  regarded  simply  as  an  inci- 
dental complication. 

First,  it  is  to  be  noted  that  the  production  of  a  common  effect,  namely, 
the  initiation  of  cell  division,  under  the  influence  of  the  above  diverse 
conditions,  suggests  that  the  same  fundamental  and  critical  change  in 
the  egg  is  primarily  induced  by  all  of  these  various  forms  of  treatment, 


Digitized  byGoOgIC 


io8  R.  S.  Lillie. 

and  that  the  succeeding  cleavage,  with  its  characteristic  attendant 
phenomena,  is  a  consequence  of  this  primary  change.  In  this  respect 
a  distinct  analogy  is  shown  to  the  general  process  of  stimulation,  in 
which  also  a  definite  and  qualitatively  constant  effect,  e.  g.,  muscular 
contraction,  is  produced  by  a  wide  diversity  of  agencies.  It  is  in  fact 
noteworthy  that  many  of  the  agencies  that  excite  cell  division  in  unfer- 
tilized ova  have  also  a  stimulating  action  on  muscle  or  nerve.  This 
agreement  implies  the  possibility  that  the  primary  change  in  the  two 
widely  dissimilar  processes  is  of  the  same  essential  nature.  Now  the 
primary  change  in  stimulation,  as  many  facts  of  the  most  diverse  kind 
indicate,  is  almost  certainly  an  increase  in  the  permeability  of  the  plasma 
membrane.  If  the  resemblance  between  stimulation  and  the  initiation 
of  cleavage  is  more  than  a  superficial  one,  or  one  suggested  by  a  merely 
verbal  analogy,  we  should  therefore  expect  to  find  evidence  that  in  the 
latter  case  also  an  increase  in  the  permeability  of  the  plasma  mem- 
brane is  the  critical  or  determining  factor  in  the  initiation  of  the 
process. 

Abundant  and  in  my  opinion  almost  demonstrative  evidence  exists 
that  the  primary  change  in  stimulation  is  an  increase  in  the  permeabil- 
ity of  the  plasma  membranes  of  the  irritable  elements.*  There  is  also 
evidence,  though  less  direct,  that  a  periodic  change  of  a  similar  kind 
occurs  in  dividing  cells.'  If  this  is  the  case,  it  might  be  expected  that 
an  artificially  induced  increase  in  permeability  would  start  the  rhythm 
of  division  in  resting  cells,  such  as  unfertilized  ova.  A  visible  surface 
change,  frequently  connected  with  a  secretion  or  separation  of  material 
from  the  egg,,  is  in  fact  a  wide-spread  phenomenon  in  normal  fertiliza- 
tion, and  seems  to  indicate  a  primary  increase  in  permeability.^  The 
internal  processes  in  cell  division  are,  however,  of  a  more  obvious  kind, 
and  have  attracted  the  main  interest  of  biologists,  so  that  the  possibility 
that  a  surface  change  might  have  a  determinative  relation  to  the  whole 
complex  chain  of  events  has  been  for  the  most  part  disregarded,  and 

*  I  havesummarized  this  evidence  in  "Science,"  1909,  pp.  245-249.  Q\  also  This 
journal,  1909,  xxiv,  p.  14. 

'  Cf.  my  article  "The  general  biological  significance  of  changes  of  peraieability" 
in  Biological  bulletin,  1909,  xvii,  pp.  301  seg. 

'  Besides  the  formation  of  definite  fertilization  membranes,  which  occur  in  rela- 
tively few  groups  (Echinoderras,  certain  Mollusca,  Amphioxus),  there  are  instances 
of  definite  secretion  of  materials  present  in  the  surface  layer  of  the  unfertilized  egg 
(certain  Annelids),  and  numerous  instances  of  surface  tension  changes. 
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lipoids  and  proteins  in  which  the  two  components  are  in  some  form  of 
intimate  union,  possibly  chemical  combination;  in  cytolysis  this  union 
is  dissolved  by  the  action  of  the  lipoid-solvent  or  lipoid-combining 
alkaloid  (as  saponin) ;  the  proteins  then  absorb  water,  and  the  cell 
swells  and  disintegrates.  This  view  of  the  mechanism  of  cytolysi?  is 
supported  by  the  observations  of  Knaffl-Lenz."  Such  cytolytic  action, 
if  confined  to  the  surface  layers  of  the  egg,  leads  simply  to  membrane 
formation,  which  in  some  unknown  manner  —  presumably  by  indi- 
rectly furthering  oxidations  —  initiates  in  its  turn  the  cleav^e  process. 

A  connection  between  cytolytic  action  and  the  initiation  of  cleavage 
appears  to  me  to  have  been  dearly  and  finally  demonstrated  by  Loeb's 
experiments.  Such  a  condition,  however,  is  naturally  open  to  more 
than  one  interpretation.  It  is  evidently  in  harmony  with  the  above 
view  that  an  increase  of  permeability  is  the  primary  change  in  cell 
division.  A  prevalent  theory  of  the  mechanism  of  cytolysis  is,  in  fact, 
that  this  process  is  a  direct  consequence  of  a  pronounced  increase  in 
the  permeability  of  the  plasma  membrane,  sufficient  to  abolish  the 
normal  semi-permeability.  This  is  the  view  upheld  by  Hamburger, 
Gryns,  Overton,  Koep[>e,  Hober,  and  many  other  physiologists.  Os- 
motic equilibrium  is  thus  destroyed,  the  cell  absorbs  water,  and  its  soluble 
constituents  diffuse  into  the  surrounding  medium,  with  the  necessary 
result  that  protoplasmic  disintegration  soon  follows.  It  is  clear  that  loss 
of  the  normal  permeability  is  one  actual  consequence  of  the  cytolytic 
process,  since  the  pigment  and  other  protoplasmic  constituents  do  in 
fact  diffuse  from  the  cell.  If  the  above  view  is  correct,  the  primary  and 
essential  action  of  a  cytolytic  substance  is  simply  to  increase  the  surface 
permeability  of  the  cell;  the  absorption  of  water  and  the  succeeding 
protoplasmic  dissolution  are  secondary  consequences  which  follow  if 
the  loss  of  normal  semi-permeability  is  complete  and  prolonged. 

Evidently  the  increase  in  permeability  may  vary  in  duration  and  in 
degree;  if  relatively  slight  and  transient,  it  may  lead  to  no  evident 
disintegration  and  yet  produce  indirectly  a  profound  alteration  in  the 
chemical  activities  of  the  cell,  e.g.,  through  the  loss  of  certain  sub- 
stances, or  the  entrance  of  others  from  the  outside,  or  quite  possibly 
^mply  through  an  accelerated  liberation  of  carbon  dioxide  with  conse- 

"•  Knaffl-Lesz  :  Archiv  fUr  die  gnammte  Phyaologie,  1908,  cxriii,  p.  979. 
For  K  similar  conception  of  proioplasmic  structure  cf.  V.  Prowazek:  Biologisches 
CentTKlblatt,  1909,  hix,  p.  784. 
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quent  increase  in  the  rate  of  intracellular  oxidations.  The  conditions 
of  chemical  equilibnum  within  the  cell  can  hardly  fail  to  be  modified 
by  even  a  brief  increase  in  permeability,  and  the  changes  in  metabolism 
resulting  from  this  increase  may  well  find  their  expression  in  the  initia- 
tion of  the  mitotic  process.  It  is  dear,  as  Loeb  has  repeatedly  empha- 
sized, that  what  is  to  be  accounted  for  is  the  alteration  in  the  character  of 
cell  metabolism ;  in  referring  this  to  an  increase  of  surface  permeability, 
as  in  the  present  hypothesis,  I  am  simply  applying  to  the  case  of  cell 
di^nsion  the  theory  which  I  have  advocated  at  length  for  the  stimula- 
tion process  in  muscle,  where  also  oxidative  cell  metabolism  undergoes 
a  marked  increase  apparently  in  consequence  of  a  sudden  increase  in 
surface  permeability.  The  resemblance  between  the  conditions  of 
stimulation  in  this  tissue  and  those  of  the  initiation  of  cleavage  in  unfer- 
tilized eggs  is  thus,  on  the  present  view,  not  merely  an  analogy,  but  is 
based  on  the  actual  identity  of  the  primary  determining  change. 

This  view  is  obviously  quite  consistent  with  Loeb's  hypothesis  of  a 
superficial  cytolysis  as  the  primary  event  tn  the  initiation  of  cleavage, 
since  such  a  change  could  scarcely  fail  to  increase  the  permeability  of 
the  surface  layers.  Loeb,  however,  in  his  numerous  papers  on  artificial 
parthenogenesis,  nowhere  attributes  a  critical  significance  to  the  asso- 
ciated changes  of  penneability ;  and  it  is  to  be  assumed  that,  consist- 
ently with  his  views  on  cell  penneability  in  general,  he  regards  them  as 
of  minor  importance.  It  is  true  that  more  recently  in  the  preface  to  his 
book,  "  Chemische  Entwicklungserregimg,"  he  has  made  the  interesting 
su^estion  that  an  increased  surface  permeability  may  facUitate  the 
entrance  of  oxygen  and  hydroxyl  ions  (or  possibly  other  substances) 
into  the  egg,"  and  so  further  oxidations.  Now  it  is  clearly  a  matter  of 
some  importance  to  decide  whether  the  initial  change  in  permeability  is 
in  itself  of  critical  moment,  or  is  merely  accessory  to  other  and  more 
important  changes.  Further  research  alone  can  decide  this  question 
finally;  yet  certain  general  considerations  bearing  on  the  whole  vexed 
question  of  cell  permeability  appear  to  shed  some  light  on  the  matter, 
and  I  shall  therefore  briefly  present  these  before  proceeding  to  the 
descriptive  part  of  this  paper. 

The  importance  which  a  student  of  fundamental  physiological  prob- 
lems will  attach  to  changes  of  permeability  must  depend  on  his  con- 
ception of  what  the  normal  conditions  of  penneability  are  in  the  living 
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resting  cell.  On  this  question  the  views  of  leading  physiologists  are 
still  at  variajice.  Loeb  has  assumed  in  all  of  his  papers  on  ion  action 
that  dissolved  substances  such  as  neutral  salts  are  quite  free  to  diffuse 
into  or  out  of  living  cells;  on  this  view  such  phenomena  as  plasmolysis 
require  for  their  explanation  no  other  assumption  than  that  the  cell 
boundary  is  less  freely  permeable  to  such  dissolved  substances  than  to 
water."  Overton,  on  the  contrary,  has  consistently  maintained  that  an 
absolute  impermeability  to  the  di5usion  of  most  crystalloid  substances 
(other  than  those  soluble  in  lipoid?)  is  an  essential  characteristic  of  liv- 
ing cells;  this  does  not  mean  that  such  substances  are  unable  to  enter 
or  leave  cells,  but  merely  that  in  their  entrance  or  exit  active  processes 
other  than  simple  diffusion  are  concerned.  Decision  between  these 
contrasted  views  is  rendered  more  difficult  by  the  circumstance  that  the 
permeability  of  cells  readily  undergoes  change,  so  that  under  experi- 
mental conditions  it  is  often  uncertain  whether  the  observed  permea- 
bility is  that  normal  to  the  living  cell  or  is  induced  artificially."  If, 
however,  the  cell  in  its  normal  condition  is  enclored  by  a  membrane 
impenetrable  to  the  diffusion  of  most  dissolved  substances  in  its  interior 
or  environment,  it  is  evident  that  an  increase  of  i>ermeability  must  be 
an  event  of  more  critical  importance  than  if  the  membrane  were  already 
permeable. 

Various  considerations,  besides  such  facts  as  the  high  and  constant 
turgor  of  living  plant  cells  and  those  adduced  by  Overton,  Hedin, 
Gryns,  and  Hamburger,  appear  to  me  strongly  to  favor  the  latter  of 
the  above  two  opposed  views.  If  non-permeability  to  the  diffusion  of 
the  above  crystalloids  is,  as  Overton  maintains,  a  characteristic  of  all 
living  cells,  some  fundamental  significance  must  be  attributed  to  this 
peculiarity.  This  significance  I  believe  to  be  the  following:  briefly, 
such  non- permeability  is  the  main  condition  on  which  depends  the  preser- 
vation of  Ike  chemical  organisation  of  the  cell;  on  this  view  what  has 
5>eemed  paradoxical  to  many  biologists  —  that  the  cell  should  be  enclosed 
by  a  membrane  impermeable  to  the  diffusion  of  necessary  salts  and  food 
constituents  —  becomes  at  once  intelligible  as  an  indispensable  condi- 
tion of  the  continued  existence  of  the  complex  living  system  in  its  usually 

"  J.  Loeb:  Oppenhumer's  Haadbuch  der  Biochemie,  1908,  ii,  p.  105;  Dy- 
namics of  living  matter,  p.  41,  eU. 

"  This  uncertainly  is  the  main  source  of  the  disparity  between  Loeb's  and  Over- 
ion's  results  and  conclusions. 
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widely  dissimilar  environment.  The  difFusion  of  soluble  substances /roiw 
the  protoplasmic  complex  is  prevented ;  hence  the  cell  is  enabled  to  pre- 
serve its  normal  chemical  constitution,  with  the  associated  vital  proper- 
ties, independently  —  within  certain  limits  —  of  the  character  of  its  sur- 
roundings. The  difficulty  of  the  alternative  view  is  not  removed  by 
assuming  that  soluble  and  diffusible  constituents  are  held  in  the  pro- 
toplasm in  some  form  of  combination  or  by  adsorption.  In  adsorption 
equilibria  are  involved,  as  the  characteristic  equation  indicates :  i.  e.,  the 
presence  of  a  considerable  quantity  of  a  soluble  substance  in  the  ad- 
sorbed and  presumably  non-diffusible  state  requires  also  its  presence  in 
a  free  and  diffusible  state  in  sufficient  concentration  to  maintain  the 
equilibrium.  Again,  the  chief  colloidal  and  water-insoluble  constitu- 
ents of  the  protoplasm  are  readily  hydrolyzable,  and  the  conditions  for 
their  hydrolysis  undoubtedly  exist  in  all  living  cells;  hence  it  can 
scarcely  be  doubted  that  the  protoplasmic  complex  contains  free  amino- 
acids  and  sugars;  it  must  also  be  assumed  that  at  least  part  of  the 
inorganic  constituents  exist  in  the  form  of  ions  free  to  diffuse,  even 
though  another  part  may  be  in  combination,  as  ion  proteids  or  other- 
wise. If  these  constituents  were  free  to  diffuse  from  the  cell,  it  is  evident 
that  the  existence  of  any  stable  chemical  organization  would  be  pre- 
cluded, and  the  delicate  balance  of  conditions  on  which  the  maintenance 
of  normal  life  processes  depends  would  be  impossible.  We  are  thus 
forced  to  the  conclusion  either  that  the  living  protopksm  constantly 
exercises  a  counteracting  activity  to  prevent  its  own  disorganization  by 
outward  diffusion  of  soluble  constituents,  or  else  that  its  boundary  sur- 
face is  impenetrable  —  except  under  special  and  temporary  conditions 
—  to  such  diffusion.  It  seems  preferable  to  proceed  on  the  second  and 
simpler  alternative."  Obviously  on  this  view  the  intake  of  food  mate- 
rials, as  also  the' separation  of  definite  substances  in  secretion,  must  be 
due  to  a  special  physiological  activity  of  the  cell,  in  which  physical 
diffusion  is  a  subordinate  factor;  and  there  is  sufficient  evidence  that 
this  is  in  fact  the  case. 

We  conclude,  therefore,  that  the  theory  of  an  impermeable  plasma 
membrane  in  Overton's  sense  is  well  foimded.    It  follows  from  the 

"  Enlia  Hon  sunt  mulHplieanda  praitr  nuessUattmt  The  former  alternative  is 
of  course  possible;  but  such  a  condition,  if  exisient,  vould  in  effegt  be  equivalent  to 
impenneability  of  ihe  boundary  layer,  though  the  conditions  of  this  impermeability 
would  be  more  complex  than  the  second  and  simpler  view  assumes. 
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above  considerations  that  loss  of  the  vital  semi-permeability  must 
involve  the  loss  of  diffusible  materials  from  the  cell;  of  this  the  exit 
of  pigment  in  htemolysis  or  cytolysis  is  a  visible  instance;  the  more 
diffusible  cell  constituents  are  known  to  leave  the  cell  in  hsmolysis 
before  the  colloidal  haemoglobin."  Loss  of  the  physiological  polariza- 
tion is  a  second  consequence  which  apparently  involves  coagulative 
changes  in  the  protoplasmic  colloids."  The  eventual  result  is  disorgani- 
zation and  death  of  the  cell;  it  has  in  fact  long  been  recognized  that  cell 
death  is  everywhere  associated  with  a  marked  increase  of  surface  perme- 
ability. The  whole  evidence  thus  seems  clearly  to  indicate  that  the 
living  condition  is  incompatible  with  more  than  a  temporary  loss  of 
semi-penneability.  Permanent  loss  of  this  property  involves  in  itself 
the  destruction  of  cell  organization. 

This  view  implies,  on  the  other  hand,  that  the  normal  pcrmeabib'ty 
of  the  living  cell  may  be  decreased  without  injury,  as  appears  to  be  the 
case  in  the  various  forms  of  physiological  inhibition,  narcosis,  and 
anssthesia.  During  these  states  stimulation,  which  involves  an  increase 
of  permeability  to  a  critical  degree,  is  rendered  difficult  or  prevented, 
and  gaseous  interchange  is  checked  with  resultant  lowering  of  oxidati^'e 
metabolism.  These  phenomena,  with  others,  indicate  a  decreased  per- 
meability as  their  common  basis."  The  partial  suspension  of  physio- 
logical activities  in  inhibition  or  anaesthesia  thus  depends  on  an  alteration 
of  permeability  in  a  direction  the  inverse  of  that  associated  with  stimu- 
lation and  with  the  death  process.  The  reversibility  of  anaesthesia,  as 
contrasted  with  the  irreversibility  of  the  death  process,  becomes  inteUi- 
gible  on  this  hypothesis.  The  contrast  depends  essentially  on  the 
opposite  nature  of  the  permeability  changes  with  which  the  two  pro- 
cesses are  respectively  associated.  Activities  suspended  through  a 
decrease  in  the  permeability  of  the  plasma  membrane  require  for  their 

"  Cf.  G.  N.  Stewast:  Journal  of  physiology,  1901,  xxvi,  p.  470. 

'*  R.  S.  Lillie;  This  journal,  1908,  xxii,  pp.  81,  83. 

"  For  evidence  that  amesthesia  and  inhibition  are  assodated  with  a  decrease  of 
permeability  cf.  my  paper  in  this  journal,  1909,  xniv,  p.  14.  The  characteristic 
lowering  of  irritability  in  aniesthesia  need  not  in  itself  indicate  a  decrease  in  the 
normal  permeability,  but  merely  a  decreased  susceptibiiily  to  changes  of  permeability. 
Other  facts,  however,  such  as  the  positive  electrical  variation  in  a  muscle  during 
inhibition  and  the  decreased  evolution  of  carbon  dioxide,  indicate,  in  my  opinion, 
that  there  b  an  actual  decrease  in  ihe  normal  resting  permeability  of  the  cell  during 
iobibilioa  and  narcosis.     The  evidence  from  the  side  of  eiectrophysiology  —  as 
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renewal  no  more  than  a  return  of  this  property  to  the  normal,  since 
there  is  no  loss  of  essential  materials  from  the  cell,  and  hence  no  perma- 
nent injury.  On  the  other  hand,  it  is  at  once  evident  —  since  diffusion 
is  from  regions  of  higher  to  those  of  lower  concentration  —  that  a  cell 
which  has  lost  its  essential  diffusible  constituents  through  a  prolonged 
increase  of  permeability  cannot  regain  its  original  composition  and 
properties  through  a  mere  return  of  the  plasma  membrane  to  its  normal 
condition.  An  irreversible  disorganization  or  death  is  thus  the  inevitable 
consequence  of  prolonged  loss  of  semi-permeability. 

If,  however,  the  increase  of  permeability  is  brief  or  momentary,  the 
transfer  of  material  across  the  plasma  membrane  may  be  too  slight  to 
produce  any  permanently  injurious  effect,  an '  yet  suflBdent  to  alter 
profoimdly  the  metabolism  of  the  cell.  The  precise  effect  of  such  a 
change  will  naturally  vary  from  cell  to  cell ;  a  muscle  cell  (e.  g.)  is  so 
constructed  that  contraction  results;  in  the  case  of  the  egg  cell  the  effect 
—  according  to  the  present  Rypothesis — is  the  initiation  of  the  com- 
plex mitotic  process  together  with  the  associated  development.  The 
effect  is  obviously  incommensurate  with  the  exciting  "cause";  this, 
however,  is  a  distinctive  peculiarity  of  living  organisms;  it  is  no  valid 
objection  to  the  present  view  that  it  is  as  yet  impossible  to  account  in 

interpreted  on  the  membrane  dieory  —  is  confiicting,  aldiough,  on  the  whde,  it 
appears  to  favor  the  present  view. 

The  classical  uperimenl  of  Claude  Bernard  on  Mimosa  furnishes  conclusive  proof 
that  during  ether  anzsthesia  there  is  (in  this  plant  at  least)  a  lessened  susceptibil- 
ity to  influences  that  ordinarily  increase  permeability  and  so  stimulate.  Mimosse 
placed  in  an  ether-impregnated  atmosphere,  while  retaining  the  normal  turgor  of 
the  leaves  and  pulvini,  lose  their  responsiveness  to  normal  stimuli  —  t.  t.,  to  influ- 
ences thai  increase  the  permeability  of  the  puU-inus  cells,  causing  these  to  lose  turgor 
with  the  resultant  movements  of  the  leaves.  This  experiment  appears 
almost  unexceptionably  clear  proof  that  in  anesthesia  the 
plasma  membrane  preserves  its  semi -permeability  while  losing  its  normal  suscep- 
tibility to  rapid  changes  of  permeability.  The  validity  of  this  interpretation  does  not 
seem  to  me  to  be  impaired  by  the  circumstance  that  Mimosa  is  a  plant.  Overton's 
researches  have  shown  that  the  conditions  of  permeability  are  the  same  in  plants  and 
animals.  The  plant  cell  merely  shows,  in  general,  dearer  evidence  than  the  animal 
cell  of  the  fundamental  importance  of  changes  in  permeability.  Beknabd's  experi- 
ment on  the  aazsthetization  of  the  growth  process  in  seedlings  confirms  the  view 
that  cell  division  is  associated  with  changes  of  permeability.  C/.  Claiide  BernabI): 
Lefons  sur  les  ph^nomines  de  la  vie  communs  aux  animaux  et  x'£g£taux,  Paris,  187S, 
J.  B.  Bailliire,  Chapter  vii,  pp.  359  seq. 


■  Digitized  byGoOgIC 


ii6  .  R.  S.  LilUe. 

detail  for  the  ensuing  transformations;  the  exact  nature  of  these  depends 
on  the  "  inherited  organization  "  of  the  cell. 

I  have  dwelt  at  some  length  on  the  conditions  of  cell  permeabilitj'  in 
order  to  emphasize  their  critical  importance  for  vital  processes  in  gen- 
eral, as  well  as  their  bearing  on  the  present  special  problem.  In  the 
latter  we  are  now  concerned  particularly  with  the  nature  of  the  immedi- 
ate effects  produced  by  a  temporary  Increase  in  permeability.  The 
egg  is  to  be  regarded  from  a  simple  physico-chemical  point  of  view  as 
a  chemically  complex  semi-fiuid  colloidal  system  enclosed  by  a  semi- 
permeable surface  layer,  the  plasma  membrane,  which  is  the  seat  of 
an  electrical  polarization.  Increase  of  permeability  will  evidently  pro- 
duce both  chemical  and  physical  changes  in  such  a  system:  the 
chemical  changes  follow  from  the  altered  conditions  of  Interchange  with 
the  surroundings,  as  already  seen,  and  Involve  disturbances  of  chemical 
equih'brium  in  the  egg;  these  latter,  on  the  present  theory,  initiate  the 
chemical  transformations  which  find  expression  in  the  mitotic  process. 
The  chief  physical  change  from  the  present  point  of  view  would  be  a 
decrease  in  the  electrical  potential  difference  normally  existing  between 
the  exterior  and  interior  of  the  cell  (the  demarcation  current  potential). 
The  seat  of  this  potential  difference,  on  the  membrane  theory,  is  the 
[^asma  membrane,  which  appears  to  be  electrically  polarized  in  such  a 
manner  as  to  have  its  outer  surface  constantly  at  a  considerably  higher 
potential  (ca.  o.i  volt)  than  its  inner;  this  condllion,  the  physiological 
polarization,  is  a  function  of  the  impermeability  (or  difGcult  permea- 
bility) of  the  plasma  membrane  to  ions  other  than  certain  cations,  — 
probably  hydrogen  ions.  Hence  more  or  less  complete  fall  of  potential, 
1.  e.  depolarization,  must  follow  an  Increase  of  surface  permeability 
sufficient  to  allow  ready  passage  of  anions;  such  depolarization  (on  the 
Lippmatm-Helmholtz  theorem)  will  be  accompanied  by  increased  sur- 
face tension.  Alterations  of  surface  tension  thus  induced  form,  in  all 
probability,  an  important,  if  not  the  chief,  factor  in  the  characteristic 
form  change  of  cleavage. 

II.    EXPEBIMENTAL. 

If  an  increase  in  surface  permeability  is  in  fact  the  primary  and 
determinative  change  in  cell  division,  there  should  be  a  relation  between 
the  ability  of  substances  to  increase  permeability  and  their  power  <A 
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inciting  fonn  change  or  cleavage  in  unfertilized  eggs.  On  the  assump- 
tion that  cytolysis  is  essentially  a  consequence  of  increased  permeability, 
such  a  relation  does  appear  to  exist  for  many  lipolytic  and  toxic  sub- 
stances, as  Loeb's  researches  indicate.  I  have  tested  this  possibility 
experimentally  at  Woods  Hole  during  the  past  summer,  u^g  isotonic 
solutions  of  neutral  salts  of  alkali  metals;  these  solutions  alter  permea- 
bility —  as  shown  by  differences  in  the  rate  of  exit  of  pigment  from  the 
eggs  —  with  unequal  rapidity.  This  "laking"  effect  is  to  be  referred 
to  an  alteration  of  the  colloidal  consistency  of  the  fdasma  membrane, 
since  the  order  of  relative  activity  of  the  different  salts  in  freeing  the 
pigment  from  blood  corpuscles  or  ova  agrees  closdy  with  the  order  of 
reladve  action  on  colloids."  The  experiments  about  to  be  described 
also  show  a  correspondence  between  the  relative  activity  of  salts  in 
liberating  pigment  from  unfertilized  eggs,  and  their  relative  power  of 
initiating  form  change  or  cleavage  on  brief  exposure  to  the  isotonic 
soludons. 

If  large  quantities  of  Arbacia  eggs  are  placed  in  test-tubes  together 
with  about  twenty  times  their  volume  of  pure  isotonic  solutions  of  the 
following  salts,  the  red  pigment  is  found  gradually  to  diffuse  from  the 
eggs  and  to  color  the  solutions;  the  effect  is  more  rapid  with  sodium 
than  with  jxitasdum  salts,  and  the  salts  of  each  metal  show  a  definite 
order  of  relative  intensity  of  action.  Thus,  if  the  test  tube  is  inverted 
after  the  eggs  have  remained  about  fifteen  minutes  in  an  isotonic  sodium 
iodide  or  sodium  sulphocyanate  solution,  the  latter  is  found,  after  the 
eggs  have  setUed,  to  be  colored  quite  deeply  by  the  dissolved  pigment; 
while  under  the  same  conditions  a  sodium  chloride  solution  shows  little 
or  no  coloration.  Later  this  solution  also  becomes  adored.  The  order 
of  relative  action  for  the  five  sodium  salts  used  below  is:  NaCl  <  NaBr 
<  NaNO,  <  NaCNS  <  Nal.  Potasaum  salts  show  a  similar  order, 
but  act  more  slowly.'*  It  is  noteworthy  that  the  rate  of  increase  of 
permeability  as  thus  indicated  bears  a  direct  relation  to  the  intensity 

"  Cf.  H6BEB:  Biochemische  Zdtschrift,  1908,  xiv,  p.  aog.  In  my  erperiments 
on  ova  described  below  the  usual  rdative  order  of  bromide  and  nitrale  b  inverted. 
In  thdr  influence  on  colloidal  aggregation  state  the  anions  usually  show  the  order: 
a  <  NO,  <  Br  <  CNS  and  I.  Nitrate,  however,  showed  greater  action  than 
bromide  throughout  the  following  experiments. 

"  The  details  of  these  experiments  are  omitted  in  the  present  paper  for  lack  of 
fpace. 
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of  toxic  action.  Thus,  if  e^s  are  transferred  to  sea  water  and  fertilized 
with  spermatozoa,  after  a  more  or  less  prolonged  immersion  in  these 
solutions,  development  is  always  found  to  be  interfered  with  or  pre- 
vented, and  the  resulting  larvs  are  abnormal;  if  the  time  of  exposure 
exceeds  a  certain  majdmum  —  greatest  (several  hours)  for  chloride  and 
bromide  and  least  (less  than  half  an  hour)  for  iodide  —  the  power  of 
dt-^el'jpment  is  entirely  destroyed,"  It  was  found  that  the  order  of 
rela:i\^  toxicity  as  thus  determined  was  essentially  the  same  as  above, 
and  that  potassium  salts  were  less  toxic  than  the  corresponding  sodium 
salts. 

Ii  appears  thus  highly  probable  that  the  injury  resulting  from  ez- 
poc-iic  to  these  solutions  is  directly  due  to  the  abnormal  increase  of 
permeability  which  is  produced,  —  and  which  presumably  leads  to  a 
chemical  disorganization  of  the  cell  through  loss  of  diffusible  proto- 
fdasQuc  constituents  (other  than  the  pigment)."  Doubtless  many 
poisons,  in  order  to  exert  their  characteristic  effects,  must  penetrate 
into  the  interior  of  the  cell;  but  it  seems  clear  that  a  purely  superficial 
acticm,  by  altering  the  normal  permeability,  may  have  equally  destruc- 
tive effects,  as  the  above  facts  indicate.  Renewed  attention  should  be 
directed  to  the  possibility  that  many  pathological  changes  may  result 
from  simple  alterations  of  the  normal  permeability  of  the  cells,  caused 
by  direct  action  of  toxines  upon  the  constituents  of  the  plasma  mem- 
branes. Thus  the  hiemolytic  action  of  many  toxines  is  well  known; 
Bang  and  Forsmann  "  have  demonstrated  the  existence  of  close  relations 
between  hemolysins  and  lipoids;  and  upon  the  condition  of  these  latter 
substances  —  as  the  facts  of  an>esthesia  especially  indicate  —  the  normal 
permeability  of  the  plasma  membrane  largely  depends.  These  facts 
strongly  surest  that  a  general  connection  exists  between  abnormal 
increase  of  permeability  and  toxic  action. 

In  the  following  experiments  the  eggs  of  both  starfish  (Asterias  forbesii) 
and  sea  urebin  (Arbacia  punctulata)  were  used.  The  procedure  is  as 
foUows :  the  eggs  are  collected  in  quantity  and  are  allowed  to  settle  in 
a  mass  to  the  bottom  of  the  dish  (finger-bowls  were  used  of  ca.  400  c.c. 
capacity).    Several  cubic  centimetres  of  this  mass  of  eggs  are  then  trans- 

"  I  am  obliged  to  omit  the  details  of  these  experiments  also. 
"  The  pigmeat  is  simply&conveDienI  indicator  of  increased  permeability;  Asterias 
eggs  which  are  only  faintly  colored  are  unsatisfactory  for  such  experiments. 
"  Cf.  BaxG:  Ergebnisse  der  Physiologic,  1909,  viii,  p.  477. 
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ferred  to  a  clean  dry  finger-bowl,  the  sea  water  is  removed  so  far  as 
possible,  and  a  large  volume  (300-400  c.c.)  of  the  solution  to  be  tested 
is  then  added.  When  practicable,  this  solution  is  changed  after  the  eggs 
have  settled ;  if  the  time  of  exposure  is  brief  or  the  specific  gravity  of 
the  solution  is  high  (as  in  iodide  solutions),  this  is  usually  impracticable. 
The  small  quantity  of  sea  water  contained  in  the  mass  of  eggs  is  always 
diluted  several  hundred  times,  and  its  influence  is  slight  if  not  negligible. 
After  the  lapse  of  the  experimental  times  of  exposure  the  eggs  are  trans- 
ferred by  pipette  to  finger-bowls  filled  with  sea  water;  after  the  e^s 
have  settled  the  sea  water  is  changed  two  or  more  times  to  remove  any 
excess  of  the  salt  used  in  the  experiment. 

The  solutions  were  made  approximately  isotonic  with  the  sea  water 
from  the  laboratory  taps  at  Woods  Hole.  The  freezing-point  of  this  sea 
water,  according  to  Carrey's  determinations,  is — 1.82°."  The  molec- 
ular freezing-point  depressions  of  most  of  the  salts  used  are  given  in 
the  Landolt-Bomstein-Meyerhoffer  Physikaiisch-chemische  TabeUen, 
3d  edition,  pages  481  seg.,  for  a  somewhat  small  number  of  concentra- 
tions in  most  cases;  the  concentrations  which  I  have  used  as  isotonic 
have  been  obtained  by  interpolation  from  these  data.  In  the  case  ol 
sodium  iodide  and  sodium  sulphocyanate,  where  direct  freezing-poinl 
determinations  were  not  available,  I  have  used  solutions  equimolecular 
with  the  isotonic  solutions  of  the  corresponding  potassium  salts  (respec- 
tively, 0.53  m.  and  0.55  m.) ;  0.53  m.  NaBr  was  regarded  as  isotonic 
with  0.53  m.  NaCl.  Kahlbaum's  salts  were  used  in  all  of  the  experi- 
ments.   The  temperatures  were  always  room  temperatures  (20°  to  25°) 

■zperim«nu  with  stsrAah  agfi  (Aslerias  forbesii).  —  Compara- 
tively few  experiments  were  carried  out  with  these  eggs  on  account  oi 
the  scarcity  of  sexually  mature  starfish  at  Woods  Hole  during  the 
summer  of  1909.  These  experiments  showed  conclusively  that  mem- 
brane formation,  cleavage,  and  development  to  the  blastula  —  or  in 
some  cases  gastrula  —  stage  could  be  induced  in  a  considerable  proportion 
of  unfertilized  eggs  by  the  above  treatment.  Fertilization  membranes 
are  formed  after  very  brief  exposure  (one  to  two  minutes)  to  pure  isotonic 
sodium  chloride  and  similar  solutions,  and  more  readily  in  fully  than  in 
incompletely  mature  eggs;  irregular  form  changes  and  cleavages,  with 
a  usually  more  or  less  abnormal  development,  follow  membrane 
formation. 

**  Gabbev:  Biological  bulletin,  1905,  viii,  p.  357. 
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Action  of  iMtoaie  MlnUoni  of  Ttrioas  fodlnm  ttiXM.  —  The  action  of 
the  four  salts,  NaCl,  NaBr,  NaT,  NaNO,,  was  compared  in  the  series 
of  experiments  presented  in  Table  I. 

The  same  series  was  repeated  next  day,  with  exposures  of  five,  ten, 
fifteen,  and  twenty  minutes  to  each  solution,  and  with  essentially  the 
sune  results  as  above.  It  thus  appears  that  cell  division  and  develop- 
ment may  be  induced  by  pure  solutions  of  all  four  salts.  Certain  ^gnifi- 
cant  differences  are  also  seen ;  iodide  shows  its  most  favorable  action 
with  brief  exposures  {of  five  to  ten  minutes),  and  produces  cytolysis 
msre  rapidly  than  the  other  salts;  nitrate  resembles  iodide  rather  than 
ths  other  two  salts  in  its  general  action ;  while  chloride  and  bromide  are 
less  toxic  and  in  general  seem  to  give  the  best  results  with  somewhat 
prolonged  (fifteen  to  twenty  minutes')  exposure.  In  the  above  experi- 
ments the  best  results  —  as  indicated  by  the  number  of  eggs  developing 
to  a  larval  stage  —  were  obtained  after  five  minutes'  treatment  with 
sodium  iodide.  Apparently  a  somewhat  brief  and  rapid  action  is  more 
favorable  to  the  initiation  of  division  than  one  more  gradual  and  pro- 
longed. In  their  relative  action  on  Arbacia  eggs  these  salts  show 
similar  differences,  as  will  be  seen  later  (pp.  123  el  seq.). 

lutoaie  lolntioiui  «i  potwaiam  lalts.  —  A  similar  series  of  experi- 
ments was  performed  with  isotonic  solutions  of  the  corresponding  potas- 
sium salts.  The  solutions  used  were  0.54  m.  KCl,  0.51  m.  KBr,  0.53  m. 
KI,  0.62  m.  KNO,;  unfertilized  mature  eggs  were  left  in  each  solution 
for  respectively  five,  ten,  fifteen,  twenty,  and  thirty  minutes  and  were 
then  returned  to  sea  water.  Five  minutes'  exposure  to  0.54'  m.  KCl 
proved  insufficient  to  produce  membranes,  although  a  few  eg^  cleaved 
and  several  blastuLe  were  obtained ;  longer  exposures  produced  mem- 
branes and  a  larger  proportion  of  blastulse.  With  the  other  salts  five 
minutes'  exposure  sufficed  for  membrane  formation  and  swimming 
larva:  were  obtained  in  aU  cases,  except  after  thirty  minutes  in  the  bro- 
mide and  in  the  iodide  solutions.  Potassium  salts  appear  to  have  less 
energetic  action  and  to  be  less  injurious  to  the  eggs  than  sodium  salts; 
a  smaller  proportion  of  eggs  developed  than  in  the  sodium  series.  It 
was  also  noticeable  that  the  potassium  solutions  had  a  distinctly  less 
marked  agglutinating  action  than  the  corresponding  sodium  solutions.'* 

"  Eggs  show  a  tendency  to  cohere  or  "dump"  after  a  short  stay  in  the  above 
solutions,  especially  in  those  of  sodium  salts;  the  order  of  relative  action  for  the  anions 
b  a  <  Br  <  NO,.  Iodide,  somewhat  uneipeaedly,  showed  less  agglutinating 
action  than  the  other  salts. 
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TABLE  I. 
July  22,  1909.  —  The  eggs  from  several  starfish  were  collected,  and  after  about  three 
hours  were  transferred  to  the  respective  solutions,  in  which  they  remained  for  the  periods 
indicated;  they  were  then  returned  to  sea  water.  About  half  of  this  loi  of  eggs  failed  to 
undergo  normal  maturation;  the  mature  eggs,  after  exposure  to  the  solutions  and  rclum 
to  sea  water,  underwent  changes  as  indicated;  the  others  remained  unaltered.' 


Time  of 

e^iposuie  to 
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A 

B 

C 

D 

0.S3  m.  NaCI. 

0.53  m.  NaBr. 
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A  similar  difiference  of  action  is  seen  with  Arbacia  eggs  (see  below, 
p.  125). 

iMtonie  solntions  of  alkaJi  cfalorideB.  —  The  action  of  the  follow- 
ing four  alkali  chlorides  was  compared  in  one  series,  in  which  unfertilized 
mature  eggs  were  exposed  to  solutions  of  0.5  m.  LiCl,  0.53  m.  NaCl, 
0.54  m.  K.C1,  and  0.53  m.  NH^Cl  for  the  same  periods  as  above  (five, 
ten,  fifteen,  twenty,  thirty  minutes  for  each  salt).  NH.Cl  showed  little 
action  beyond  producing  a  few  cleavages;  with  the  other  solutions 
results  were  obtained  similar  to  those  already  described.  Lithium  and 
sodium  chlorides  showed,  on  the  whole,  a  more  favorable  action  tbao 
potassium  chloride,  but  the  differences  were  not  sufficiently  decisive  to 
warrant  any  final  conclusions  as  to  relative  favorability.  Lack  of  ma- 
terial prevented  further  experiments  with  starfish  eggs. 

Xzp«rlmenta  nitb  sea  nrchin  sgsi.  —  In  these  experiments  the  fol- 
lowing neutral  salts  of  sodium  and  potassium  were  used:  chloride, 
bromide,  iodide,  nitrate,  and  sulphocyanate.  In  their  general  action 
on  unfertilized  Arbacia  eggs  the  salts  were  found  to  fall  into  two  quite 
sharply  contrasted  groups.  Chloride  and  bromide  showed  relatively 
slight  action;  while  nitrate,  sulphocyanate,  and  iodide,  with  favorable 
times  of  exposure,  produced  membrane  formation,  irregular  changes 
of  form,  and  cleavage  in  a  large  proportion  of  eggs.  This  treatment, 
regarded  simply  as  a  parthenogenetic  method,  is  not  very  effective;  only 
a  small  proportion  of  eggs  at  best  developed  to  a  larval  stage  in  the 
following  experiments,  and  the  proportion  undergoing  irregular  form 
change  or  early  cleavage  without  proceeding  far  in  development  was 
always  high. 

Sodium  salts.  —  The  following  record  abbreviated  from  my  note- 
book will  illustrate  the  action  of  a  series  of  four  sodium  salts  (see 
Table  II). 

Another  series  with  sodium  chloride,  bromide,  iodide,  and  nitrate 
(0,56  m,  NaNOj)  gave  results  essentially  similar  to  the  above.  Nitrate 
showed  a  well-marked  action  like  that  of  sulphocyanate  and  iodide, 
though  somewhat  less  pronounced,  while  chloride  and  bromide  showed 
little  action  as  before.  This  distinct  contrast  foimd  between  bromide 
and  nitrate  —  two  salts  which  usually  resemble  each  other  in  their 
physico-chemical  and  physiological  action  (as  in  their  influence  on 
colloidal  aggregation  state  or  on  muscle  and  cilia)  — was  unexpected, 
but  was  confirmed  in  several  series  of  experiments.    In  one  of  these 
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TABLE  II. 

Augua  6,  1909.  —  Unfertilized  «ggs  of  Arbacia  were  exposed  for  five,  ten,  fifteen, 

twenty,  and  thirty  minutes  to  the  following  solutions:    0.53  m.  NaCI,  0.S3  m.  NaBr, 

0.53  m.  Nal,  0.55  m.NaCNS.   The  eggs  were  then  returned  to  sea  water.    The  results  were 

as  follows: 

Result. 


No  membranes  formed.    Practically  no  change. 
Eggs  unchanged. 

Almost  all  eggs  unchanged.     A  few  irr^ular  form  changet. 
Like  A  3. 

A  few  eggs  form  membnnes  and  undergo  inegultr  form  change. 
Great  majority  unaltered. 

No  membranes  formed.    No  change. 

Great  majority  unchanged.     A  few  t^gs  form  membranes  and 

still  fewer  show  form  changes  or  jrr^ular  cleavages. 
Like  B  2,  but  somewhat  more  membrane   formation   and   form 

Like  B  3.    No  visible  change  in  most  eggs. 

A  few  membranes  and  form  changes;  some  irregular  cleavages. 
Most  unaltered  as  before. 

Marked  contrast  to  series  A  and  B.  Membmnes  are  separated  in 
a  large  proportion;  many  irregular  form  changes  and  cleavages; 
some  quite  regular  early  cleavages.     No  blastuUc  formed. 

Similar  to  C„  but  more  favorable:  a  few  blastulc  formed. 

Essentially  like  C,;  a  few  eggs  reach  bUstula  stage. 

I.ess  favorable.    Uosi  (^gs  remain  unchanged  after  three  and  Dne> 
Iialf  hours  in  sea  water;  fewer  membranes  and  form  changes; 
DO  blastuhe. 
(S)   30        "  Still  less  favorable.    A  good  many  form  changes  and  early  cleav- 

ages, but  none  reach  larval  stages. 
D.   0.5S  m.  NaCNS. 

(1)  5  minutes.        Membranes  formed  in  a  few  (<C  1);  many  irregular  form  changes 

and  cleavages  (though  fewer  than  in  C,);  two  or  three  blastuUe 

(2)  10        "  More  favorable  than  D  1,    A  larger  proportion  of  membranes  and 

cleavages  and  a  few  blastuls. 

(3)  IS        "  Essentially  like  D,. 

(4)  20        "  Essentially  like  D,  and  D^    A  few  blastuhe  formed. 

(5)  30       "  Most  eggs  remain  round  and  unaltered  after  three  and  one-half 

hours  in  sea  water;    distinctly  less  favorable  than  D,.      No 
blastube. 
Conlrah.-    Unfertiliied  eggs  left  in  sea  water  without  treatment  showed   no  change 
next  day;   eggs  normally  fertilized  with  spermatozoa  formed  numerous  normal  larvx. 


Solution  and  time  of 

exposure. 

A.  0.53  m 

NaCl. 

(1)     5n 

ainutes. 

(2)   10 

" 

(3)   15 

" 

(4)   20 

" 

(5)   30 

' 

B.  0.53  m 

NaBr. 

(1)     5  minutes. 

(2)  10 

" 

(3)  15 

" 

(4)  20 

-. 

(5)  30 

C.  0.53  m 

NaL 

(1)     S  minutes. 

(2)  10 

„ 

(3)  15 

" 

(4)  20 

" 
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series  eggs  were  exposed  to  each  solution  (0.53  m.  NaBr  and  0.55  m. 
NaNOJ  for  periods  of  one,  two,  three,  five,  ten,  fifteen,  and  twenty*five 
minutes;  bromide  as  before  produced  membranes  and  form  changes 
in  only  a  few  eggs  and  especially  after  the  longer  exposures  (fifteen  and 
twenty-five  minutes),  while  nitrate  after  exposures  of  three  minutes  or 
longer  produced  a  large  proportion  of  membranes,  irregular  form  changes 
and  cleavages.  Sodium  iodide  has  a  more  rapid  action  than  nitrate, 
and  many  eggs  were  found  to  form  membranes  {often  imperfectly  sep- 
arated) and  to  undergo  irregular  Torm  change  or  cleavage  after  ex- 
posure to  the  isotonic  solution  for  less  than  one  minute.  Sulphocyanate 
shows  an  intermediate  action.  Bromide  and  chloride,  although  their 
action  is  slight,  differ  constantly  from  each  other,  the  former  having 
always  the  distinctly  greater  effect.  If  the  relative  order  of  action  of  the 
salts  is  estimated  from  their  comparative  effectiveness  in  producing 
cleavage  after  brief  exposures  (five  to  ten  minutes),  the  following  series 
is  obtained :  NaCl  <  NaBr  <  NaNO,  <  NaCNS  <  Nal  with  a  decided 
rise  of  efifectiveness  between  bromide  and  nitrate.  With  more  prolonged 
exposures  (twenty  minutes  or  more)  iodide  and  sulphocyanate  prove 
less  favorable;  the  directly  toxic  action  of  the  salt  then  has  time  to 
manifest  itself. 

Potassium  sails.  —  In  a  series  of  experiments  where  unfertilized  eggs 
were  exposed  to  0.54  m.  KCl,  0.51  m.  KBr,  0.53  m.  KI,  and  0.55  m. 
KCNS,  for  five,  ten,  fifteen,  twenty,  and  thirty  minutes  in  each  case, 
results  similar  to  those  of  the  sodium  series  were  obtained.  Practically 
no  effect  was  observed  with  chloride  and  only  slight  action  with  bromide ; 
while  with  iodide  and  sulphocyanate  the  majority  of  eggs,  with  favor- 
able times  of  exposure  (five  to  ten  minutes),  showed  form  changes  or 
irregular  cleavage  and  a  few  reached  the  blastula  stage.  The  develop- 
ment-inducing power  of  nitrate,  sulphocyanate,  and  iodide  was  compared 
in  a  series  of  experiments  in  which  an  attempt  was  also  made  to  deter- 
mine the  relative  favorability  of  sodium  and  potassium  salts.  Eggs  were 
exposed  in  one  series  for  five,  ten,  twenty,  thirty,  forty-five,  and  sixty 
minutes  to  0.53  m,  Nal,  0.55  m.  NaCNS,  0.53  m.  KI,  and  0.55  m. 
KCNS  with  results  similar  to  those  already  described.  Both  iodides 
were  found  more  toxic  than  the  sulphocyanates  and  showed  a  briefer 
optimum  period  of  exposure;  the  longer  exposures,  thirty  minutes  or 
more,  were  injurious  or  destructive  to  the  eggs.  Two  additional  series 
with  Nal,  NaCNS,  KNO„  and  KCNS,  with  exposures  of  five,  ten,  fifteen, 
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twenty,  and  thirty  minutes,  showed  a  similar  result.  The  differences 
between  the  sodium  and  the  potas^um  salts  were  indecisive.  The  order 
of  relative  effectiveness  for  brief  exposures  (fifteen  minutes  or  less)  was 
KNOj  <  KCNS  <  KI ;  this  is  also  the  order  of  increasing  toxicity  and 
increasing  action  in  liberating  pigment  in  isotonic  solution. 

Summary  of  above  results.  —  In  summarizing  the  results  of  the  above 
experiments  with  Arbacia  e^s,  for  both  sodium  and  potassium  salts, 
it  is  evident  that  the  nature  of  the  anion  is  the  decisive  factor.  Potas- 
sium salts  have  in  general  a  less  toxic  action  than  sodium  salts  upon  these 
eggs ;  but  in  their  relative  power  of  inducing  form  change  and  develop- 
ment no  decisive  difference  has  appeared  between  the  two  metals.  The 
optimum  time  of  exposure  with  the  three  active  salts  is  brief  —  in  general 
less  than  fifteen  minutes,  and  less  with  iodide  than  with  the  other  two. 
With  both  metals  a  decided  difference  was  found  between  chloride  and 
bromide  on  the  one  hand,  and  nitrate,  sulphocyanate,  and  iodide  on  the 
other.  Bromide  always  has  a  distinctly  greater  effect  than  chloride, 
but  this  is  insufficient  to  produce  membranes  and  form  change  in  more 
than  a  small  proportion  of  eggs.  The  order  of  relati\'e  effectiveness  of 
the  anions  for  brief  exposures  is  thus:  CI  <  Br  |  <  NO,  <  CNS  <  I, 
the  vertical  line  marking  a  critical  interval  in  the  progressive  increase  of 
action. 

These  facts  indicate  that  a  relatively  brief  and  rapid  change  is  more 
effective  in  starting  the  cleavage  process  than  one  more  gradual  and 
prolonged.  The  most  favorable  salts  for  initiating  cell  di\ision  are  also 
the  most  effective  in  increasing  permeability,  as  shown  by  the  relative 
activity  in  Uberating  pigment  from  the  eggs.  The  rapidity  of  the  change 
in  permeabihty  must  apparently  exceed  a  certain  critical  value  (above 
that  caused  by  isotonic  bromide  solutions)  in  order  to  start  the  division 
process  in  the^e  eggs.'*  It  is  noteworthy  that  Asterias  eggs  are  more 
readily  induced  to  cleave  and  develop  by  this  means  than  Arbacia  eggs, 
and  that  with  the  former  chloride  and  bromide  have  well-marked  action. 
This  corresponds  to  an  inherent  constitutional  difference  between  these 
e^s,  those  of  Asterias  being  decidedly  the  more  susceptible  to  develop- 
ment-inducing agencies,  —  a  fact  indicating  on  the  present  view  that 
the  plasma  membrane  of  the  mature  Asterias  egg  undergoes  increase  of 
permeabihty  more  readily  than  that  of  the  Arbacia  egg.    The  latter  eggs 

*  Just  as  the  rate  of  change  (^  of  an  electrical  current  travening  a  muscle  or 
nerve  must  exceed  a  critical  minimum  value  in  order  to  stimulate. 
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are,  in  fact,  well  known  to  be  more  resistant  and  hence  more  uniform 
in  their  behavior  than  those  of  the  starfish;  this  difference  also  indi- 
cates a  greater  stability  in  the  constitution  of  the  plasma  membraoe 
of  Arbacia  eggs,  —  i.  e.,  a  relatively  slight  susceptibility  to  increase  of 
permeability. 

Expsrimvnts  with  alk«tl-MrUi  cbloridsa.  —  Unfertilized  Arbacia  eggs 
were  exposed  for  five,  ten,  fifteen,  twenty,  and  thirty  minutes  to  0.35  m. 
solutions  of  magnesium,  strontium,  and  calcium  chlorides  and  were 
then  returned  to  sea  water.  No  result  appeared  beyond  disintegration 
of  the  eggs;  this  occurred  slowly  after  treatment  with  magnesium 
chloride,  more  rapidly  after  calcium,  and  still  more  rapidly  after  stron- 
tium chloride.  No  indication  of  membrane  formation  or  cleavage  was 
obtained.  I  can  only  suggest,  sis  a  posable  explanation  of  the  difference 
from  alkali  salts,  that  the  initial  action  of  the  magnesium  and  calcium 
chlorides  is  of  the  opposite  kind  —  i.  e.,  they  decrease  rather  than  increase 
the  permeability  of  the  plasma  membranes.'*  Strontium  chloride  is 
strongly  toxic  to  these  eggs. 

in.  Conclusions. 

Various  more  or  less  well-known  facts,  besides  those  already  cited, 
support  the  view  that  the  initiation  of  cell  division  is  due  to  a  critical 
increase  in  permeability,  and  that  a  rhythm  of  alternate  increase  and 
decrease  of  permeability  accompanies  the  rhythm  of  the  mitotic  process. 
For  the  sake  of  completeness  I  shall  enumerate  and  discuss  briefly  the 
chief  of  these." 

First,  with  regard  to  normal  fertilization :  that  this  process  depends 
primarily  on  an  alteration  of  the  surface  layer  of  the  egg  is  suggested 
.by  its  very  general  association  with  visible  surface  changes,  such  as  the 
formation  of  the  fertilization  membrane,  the  separation  or  secretion  of 
substances  from  the  superficial  layer  of  the  cytoplasm,'*  and  alterations 

^  The  action  of  m^nesium  and  caldum  chloride*  on  Arenicoia  larva  indicates 
a  decrease  of  permeability,  especially  with  the  former  salt,  Cf.  This  journal,  1909, 
xiiv,  pp.  15  seq.    Magnesium  salts  generally  exhibit  an  ansslhetic  action. 

"  Compare  the  interesting  short  paper  of  E.  Newton  Rarvev  on  "Membrane 
formation  and  [Hgment  migration  in  sea-urchin  eggs,"  Science,  1909,  H.  s.  xxx,  pp. 
694-696. 

"  The  egg  of  the  Annelid  Nereis,  according  to  my  brother.  Dr.  F.  R.  Ltllte,  pre- 
sents a  striking  case  of  this  kind.  The  contents  of  the  superficial  layer  of  cytoplasm 
are  rapidly  secreted  from  the  egg  iomiediately  aiter  fertilization. 
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of  surface  tension.  These  effects  frequently  appear  before  the  sperm 
nucleus  has  undergone  any  evident  change  or  penetrated  far  into  the 
egg  —  a  fact  indicating  that  the  substances  which  produce  the  change 
are  not  derived  from  the  nucleus  of  the  spermatozoon,  but  are  present 
in  its  cytoplasm  and  possibly  in  its  surface  film.  Such  reasoning  would 
point  to  lipolytic  or  similarly  acting  substances  "  in  the  surface  film  or 
plasma  membrane  of  the  fertilizing  spermatozoon  as  responsible  for 
membrane  formation  or  the  analogous  change.  Loeb  and  Elder  have 
in  fact  recently  found  that  membrane  formation  may  be  induced  in 
Strongylocentrotus  eggs  by  contact  with  Asterias  sperm  without  the 
penetration  of  the  sperm  nucleus,"  —  a  striking  confirmation  of  the  view 
that  the  primary  change  in  fertilization  is  an  alteration  of  the  surface 
layer  of  the  egg." 

Second,  Lyon  has  found  that  the  production  of  carbon  dioxide  in 
dividing  eggs  is  not  continuous,  but  follows  a  rhythm  which  apparently 
corresponds  to  the  rhythm  of  cleavage."  He  has  also  shown  clearly 
that  the  susceptibility  to  injury  by  prisons  like  potassium  cyanide  follows 
a  rhythm  parallel  to  the  cleavage  rhythm,"  and  his  results  have  been  con- 
firmed by  Spalding  "*  (using  ether,  acid,  and  potassium  chloride)  and 
by  others  at  the  Woods  Hole  laboratory.  These  experiments  indicate 
that  the  entrance  of  poisons  into  the  cell  and  the  exit  of  carbon  dioxide 
occur  most  readily  at  a  certain  period  in  the  cycle  of  cell  division,  at  or 
about  the  time  of  appearance  of  the  cleavage  furrow.  The  assumption 
of  an  increase  of  permeability  at  this  time  explains  why  the  rhythms  of 
carbon-dioxide  production  and  of  susceptibility  to  poisons  run  parallel 

**  Which  might  be  called  membranctysins.  Loeb  has  called  attention  to  the 
resemblance  between  the  action  of  the  membrane-forming  substances  and  the  chemi- 
cally undefined  cytolysins,  Chemische  Entwicklungseiregung,  p.  347. 

"  Loeb:  Loc.  cU.,  p.  349.  Professor  Loeb  attributes  this  effect  to  the  absorption 
by  the  ^g  of  a  lysin  contained  in  the  surface  layer  of  the  spermatoztion.  He  t>dieves, 
however,  that  for  development  the  introduction  of  a  second  as  yet  undefined  sub- 
stance, possibly  oxidase,  into  the  interior  of  the  egg  is  necessary. 

*'  The  heaping  up  or  other  disturbance  of  the  cytoplasm  at  the  point  of  entrance 
of  the  spermatozoon  —  a  typical  phenomenon  in  many  eggs  —  indicates  a  local 
increase  of  surface  tendon,  which  would  have  the  effect  of  drawing  a  portion  of  the 
adjoining  cytoplasm  toward  this  region. 

"  Lvon:  This  journal,  1904,  xi,  p.  53. 

**  Lyon:  Ibid.,  1903,  vii,  p.  56. 

**  Spaldinc:  Biological  bulletin,  1904,  vi,  p.  334. 
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both  with  each  other  and  with  the  rhythm  of  form  change  (».  «.,  of  sur- 
face tension  alteration). 

Third,  if  cleavage  is  accompanied  by  an  increase  of  permeability,  a 
negative  electrical  variation  should  accompany  the  formation  of  the 
cleavage  furrow,  Just  as  it  has  long  been  known  to  accompany  the  stimu- 
lation process.  That  this  is  actually  the  case  has  been  rendered  highly 
probable  by  the  experiments  of  Dr.  Ida  Hyde  with  the  capillary  electro- 
meter, who  found  evidence  that  at  the  time  of  appearance  of  the  cleavage 
furrow  in  Fundulus  eggs  the  external  surface  of  the  blastodisc  becomes 
negative  relatively  to  the  unaltered  general  surface  of  the  egg." 

Finally,  the  characteristic  periodic  appearance  and  disappearance 
of  astral  formations  in  dividing  cells  are  also,  in  my  opinion, 
to  be  connected  with  periodic  changes  in  permeability.  Although  the 
exact  appearance  presented  by  the  mitotic  figure  exhibits  marked  vari- 
ation in  detail,  yet  the  typical  double  system  of  cytoplasmic  radiations 
centring  toward  two  areas  on  either  side  of  the  altered  nucleus  —  now 
in  the  stage  of  separate  chromosomes  —  is  found  in  the  greatest  variety 
of  cells,  and  must  depend  on  some  condition  common  to  them  all.  I 
have  already  suggested  an  hypothesis  to  account  for  the  appearance  of 
cytoplasmic  radiations  during  mitosis."  This  hypothesis  is  derived  from 
the  membrane  theory  and  refers  the  phenomenon  primarily  to  an  altera- 
tion of  the  electrical  surface  polarization,  in  consequence  of  which  a 
potential  difference  temporarily  arises  between  the  central  and  peripheral 
regions  of  the  cell  at  the  time  of  increased  permeability.  The  arrange- 
ment of  the  colloidal  material  of  the  cytoplasm  along  radiating  lines  like 
the  electrical  or  magnetic  lines  of  force  is  due  to  a  polarization  and  end- 
to-end  juxtaposition  of  colloidal  particles  or  alveoli  in  the  electrical  field 
thus  arising.  Under  the  conditions  the  fall  of  potential  must  be  from 
without  inwards,  the  astral  centres  representing  regions  of  lowest  potential 
or  greatest  negativity.  I  see  no  advantage  for  the  present  in  a  detailed 
elaboration  of  this  hypothesis,  since  its  essential  features  are  clear,  and 
it  will  be  at  once  intelligible  to  any  one  conversant  with  the  Ostwald 
theory.  The  facts  and  considerations,  to  be  adduced  in  its 
ild  thus  be  largely  identical  with  those  on  which  the  mem- 
y  is  based;  and  I  have  already  in  the  present  and  preceding 
ussed   the  essential  grounds  of  the  present   hypothesis  — 

I.  H,  HvDE:  This  journal,  1904,  *i,  p.  $2. 

R.  S.  Lu-UE:  Biological  bulletin,  1909,  xvii,  pp.  ao7-ao8. 
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which  are  the  same  as  those  for  assuming  that  the  plasma  membrane  is 
the  seat  of  an  electrical  polarization  which  is  a  function  of  its  imper- 
meability to  ions  other  than  hydrogen  ions.*'  Increase  of  permeability 
thus  entails  depolarization  of  the  membrane,  and  the  central  and  pe- 
ripheral regions  of  the  protoplasm  are  then  temporarily  at  different 
potentials.  For  the  sake  of  clearness  I  append  the  following  simple 
diagrams  (Figs,  i  and  a) : 


FiGUKE  1. — Showing  probable  electric^  Figure2.  — Probable  condition  immediately 
condition  of  the  cytoplasm  during  rest:  after  an  increase  of  permeability  suEBcieni 
a  gradient  of  ca.  0.1  volt  between  outer  greatly  to  increase  the  permeability  of  the 
and  inner  surfaces  of  pl|sroa  membrane;  plasma  membrane  to  anions.  The  poten- 
the  potential  within  the  cytoplasm  prac-  tial  ot  the  surface  layer  of  cytoplasm  be- 
tically  uniform  in  all  regions,  and  ca.  0.1  comes  temporarily  more  positive  by  (e.  g.) 
volt  lower  than  the  outer  surface  of  the  0.05  voll.  The  cytoplasm  is  then  no  longer 
membrane.  The  cytoplasm  is  thus  iso-  isoelectric,  but  shows  a  gradient  of  O.OS  volt 
electric  —  no  gradient  between  its  central  between  centre  and  periphery  (equal  to  a 
aod  peripheral  regions."  gradient  of  ca,  14  volts  per  centimetre  in  a 

cell  of  the  diameter  of  the  sea  ()rchin  egg 
~ ».  t.,  ca.  0.072  millimetre). 

The  indications  that  the  characteristic  radiations  are  expressions  of 
an  electrical  field  between  the  central  and  peripheral  regions  of  the  cell 
are  numerous,  and  I  have  already  discussed  some  of  these  —  particularly 
the  phenomena  of  mutual  electrostatic  repulsions  shown  between  chro- 
mosomes and  asters  —  in  my  earlier  paper  on  the  physiology  of  cell 
division  in  this  journal.*  The  movements  and  changes  of  aggregation 
state  exhibited  at  this  time  by  other  colloidal  cell  constituents  support 
this  interpretation  (clearing  in  astral  areas,  migration  of  pigment  gran- 

"  That  H-ions  are  the  penetrating  cations  cannot  be  directly  proved,  but  many 
facts  speak  in  favor  of  this  assumption.    Cf.  This  journal,  190S,  xxli,  pp.  86,  87. 

"  Probably  the  nuclear  membrane  is  also  the  seal  of  a  potential  difference,  but 
there  is  no  very  direct  evidence  of  this  as  yet.  In  these  diagrams  a  possible  influence 
of  the  nucleus  is  provisionally  disregarded. 

*  R.  S.  Lu-LIe:  This  journal,  1905,  xv,  p,  46. 
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ules,  etc.)-  The  fact  that  the  radiations  during  the  greater  part  of  their 
existence  centre  toward  two  internal  areas "  seems  to  indicate  that  the 
increase  of  permeability  is  not  uniform  over  the  entire  cell  surface,  but 
is  normally  greater  toward  the  two  poles;  the  form  change  is  in  fact 
best  explained  on  the  assuniption  of  an  increased  surface  tension  in  these 
regions; "  corresponding  to  these  two  depolarized  areas  at  opposite 
surfaces  of  the  cell  are  two  regions  of  greatest  negativity  in  the  interior.** 
The  tendency  of  cells,  particularly  egg  cells,  to  divide  along  a  predeter- 
mined plane  depends  possibly  on  an  inherent  "polarity"  of  constitution 
which  would  also  determine  the  properties  of  the  plasma  membrane  in 
different  parts  of  the  surface ;  many  biologists,  as  is  well  known,  regard 
such  polarity  as  a  general,  perhaps  fundamental,  characteristic  of  li\-ing 

**  I  am  not  considering  here  the  case  of  polyastra]  formations  which  appear  fre- 
quently in  eggs  treated  by  the  methods  of  artificial  parthenogenesis.  Cf.  E.  B. 
Wilson:  Archiv  fQr  Entwicklungsmechanik,  1901,  xii,  p.  531. 

"  Robertson:  Archiv  fUr  Entwicklungsmechanik,  1909,  xxvii,  p.  39. 

"  This  hypothesis,  however,  does  not  account  for  the  characlcristic  arrangement 
of  the  radiations  with  reference  to  the  nucleus,  —  a  condition  indicating  that  the 
nuclear  or  interaslral  area  in  the  normal  mitosis  has  a  higher  potential  than  the  astral 
centres,  ».  e.,  is  positive  relatively  to  these.  There  are  various  reasons  for  assuming 
this.  It  appears  quite  inadmissible  to  suppose  the  two  astral  centres  to  be  oppositdy 
charged:  such  a  condition  would  involve  a  contrast  in  physico-chemical  behavior 
which  does  not  enst.  Yet  the  course  of  the  radiations  between  adjacent  centres 
shows  the  spindle  form  characteristic  of  the  lines  of  force  between  opposite  electric 
or  magnetic  poles:  this  fact  is  inconsistent  with  the  assumpiioQ  of  similarity  of  charge 
if  the  asters  alone  are  held  responsible  for  the  observed  configuration.  These  diffi- 
culties partly  disappear  on  the  assumption  that  the  nuclear  region  has  permanently 
a  hi^er  potential  than  the  cytoplasmic  region,  (.  e,,  that  it  fails  for  some  reason  to 
assume  the  uniform  negative  potential  ascribed  above  to  the  rest  of  the  protoplasm, 
and  hence  remains  positive  relatively  to  the  latter —  hence  relatively  to  the  astral  cen- 
tres at  the  time  of  mitosis.  But  how  to  account  for  such  a  condition?  Possibly  tbe 
exislence  of  a  semi -permeable  membrane  between  nuclear  and  cytoplasmic  regions, 
impermeable  to  ions,  except  during  mitosis,  is  the  essential  factor.  Such  a  membrane 
would  prevent  the  area  which  it  enclosed  from  assuming  the  negative  potential  of 
the  rest  of  the  protoplasm.  The  nuclear  membrane  would  thus  mark  the  boundary 
of  a  region  with  a  higher  potential  than  the  rest  of  the  cell  inside  the  plasma  mem- 
brane. Whatever  the  conditions,  it  seems  at  least  dear  that  the  nucleus  is  responsible 
for  the  altered  course  of  the  astral  radiations  in  its  vicinity.  — The  nuclear  membrane, 
like  the  plasma  membrane,  is  in  all  likelihood  the  seat  of  a  potential  difference,  uid 
changes  in  its  permeability  would  produce  analogous  effects.  Asters  ^  the  signs  of 
local  potential  differences  —  do  in  fact  frequently  appear  first  near  the  regions  where 
the  nuclear  membrane  b^ns  its  dissolution  in  the  prophase  of  mitosb. 
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cells.  These  considerations  will  indicate  sufficiently  what  I  believe  to  be 
the  essential  nature  of  the  connection  between  definitely  localized  in- 
crease of  permeability  and  the  other  more  conspicuous  phenomena 
observed  in  the  dividing  cell.  The  entire  conditions  will  become  clear  id 
detail  only  with  the  advance  of  research,  and  it  is  best  for  the  present  to 
avoid  a  too  detailed  and  consequently  too  rigid  theory.  That  increase 
of  permeability  is  a  change  adequate  to  produce  the  above  eSects  seems 
highly  probable  from  the  foregoing  considerations. 

The  nature  of  the  chemical  changes  induced  in  the  egg  by  the  par- 
thenogenetic  treatment  is  now  in  its  earliest  stages  of  investigation.  Free 
oxygen  is  necessary  to  the  progress  of  cell  division  in  most  cases;  and  in 
some  eggs  —  as  Loeb  has  shown  for  Strongylocentrotus  —  although 
oxygen  is  not  necessary  for  membrane  formation  its  presence  appears 
to  be  required  during  the  treatment  with  hypertonic  sea  water,  if  favor- 
able development  is  to  result.  On  the  other  hand,  in  Asterias  partheno- 
genesis is  best  produced  if  the  eggs  are  subjected  to  the  required  treat- 
ment under  conditions  that  suppress  or  inhibit  oxidations,  according 
to  Delage's  **  and  my  own  "  results  (absence  of  oxygen  or  presence  of 
potassium  cyanide).  Such  differences  between  different  eggs  cannot  be 
explained  at  present.  On  the  above  theory  they  would  indicate  differ- 
ences in  the  physico-chemical  constitution  of  the  plasma  membrane; 
the  latter  must  be  regarded  as  itself  complexly  organized  and  the  seat 
of  a  metabolism  which  differs  in  different  forms;  and  conceivably  the 
critical  changes  of  permeability  may  in  some  cases  be  favored  by  an 
increase,  in  others  by  a  decrease,  in  the  rate  of  oxidations.  As  I  pointed 
out  in  my  former  paper,"  the  initiatory  process  may  require  quite  dif- 
ferent conditions  from  those  needed  for  the  continuance  of  development 
once  this  is  begim.  In  Asterias  eggs,  so  far  as  the  present  evidence 
indicates,  temporary  suppression  of  oxidations  seems  favorable  to  the 
artificial  initiation  of  normal  development ;  in  sea-urchin  eggs  the  re- 
verse appears  to  bs  true.  Both  eggs  alike  fail  to  develop  in  the  absence 
of  oxygen.** 

**  Deiage:  Comptes  rendus,  1907,  atlv,  p.  ai8. 

**  R.  5.  T.ni.iF.:  Journal  of  experimental  zodlogy,  190S,  v,  p.  375. 

**  Loc.  cU.,  p.  487. 

**  Professor  Loeb  has  explained  the  apparent  discrepancy  between  his  own  re- 
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IV.  Summary. 

The  chief  facts  and  general  conclusions  of  the  foregoing  paper  may 
be  briefly  summarized  as  follows : ' 

1.  Unfertilized  eggs  of  Arbacia  placed  in  pure  solutions  of  the  various 
neutral  salts  of  the  alkali  metals  isotonic  with  sea  water,  show,  after 
varying  inter\'als,  diffusion  of  pigment  into  the  medium  and  eventually 
disintegration.  The  salts  of  the  same  metal  differ  in  their  rate  of  action ; 
the  order  of  relative  effectiveness  for  sodium  salts  with  monovalent 
anions  is:  NaCl  <  NaBr  <  NaNO,  <  NaCNS  <  Nal.  Potassium 
salts  have  a  more  gradual  effect  of  the  same  kind  and  show  the  same 
general  order  of  relative  activity.  The  loss  of  pigment  is  an  effect  analo- 
gous to  hiemolysis  and  indicates  an  increase  in  the  permeability  of 
the  plasma  membrane,  due  probably  to  change  in  the  aggregation  state 
of  its  colloids. 

2.  If  eggs,  after  a  relatively  brief  exposure  (five  to  twenty  minutes) 
to  these  solutions,  are  transferred  to  normal  sea  water,  a  certain  pro- 
suits  with  StrongylocentTOtus,  and  Delace's  and  mine  wilb  Asterias,  as  due  to  a 
misundeistanding,  on  both  our  parts,  of  the  nature  of  his  results.  Exposure  of 
StrongylocentTOtus  eg^,  for  some  ti;ne  subsequently  to  artificial  membrane  forma- 
tion, to  sea  water  containing  cyanide  or  deprived  of  onygen,  always  increases  the 
proportion  of  favorably  developing  eggs;  our  results  sinply  show  the  same  to  be 
true  of  starfish  eggs;  there  is  thus  no  real  discrepancy.  Treatment  with  cyanide 
after  membrane  formation  by  momcDlary  warming  does  indeed  increase  the  pro- 
portion of  favorably  developing  starfish  eggs  {cj.  my  paper,  toe.  cU.,  pp.  434-425). 
But  it  is  equally  true,  and  in  my  opinion  equally  significant,  that  exposure  to  cyanide 
for  some  time  before  membrane  formation  —  which  b  followed  by  immediate  return 
to  normal  sea  water  —  also  gives  results  far  superior  to  those  following  simple  warm- 
ing without  cyanide  treatment  {Lm.  cil.,  pp.  415-419).  Here  there  can  be  no  question 
of  sui^ression  of  develo{Mnent  after  membrane  formation,  so  that  the  tfgg  proto- 
plasm may  have  time  to  return  to  a  condition  favorable  for  development  —  unless 
indeed  the  improvement  is  attributed  to  the  persistence  of  the  cyanide  effect 
after  the  return  to  normal  sea  water.  But  mere  after  treatment  with  cyanide  is  rela- 
tively ineffective.  The  fact  b  that  in  Asterias  (as  I  was  careful  to  point  out)  the 
whoU  procedure  of  the  initiation  of  development  by  brief  warming  is  best  carried 
out  in  the  presence  of  cyanide.  The  best  results  were  gained  wlien  eggs  in  the  early 
maturation  stage  were  exposed  for  about  an  hour  to  sea  water  containing  fn/ioco 
KCN,  then  warmed  briefly  to  35°  in  the  same  medium,  and  then  returned  for  a  brief 
period  (five  to  twenty  minutes)  to  the  cyanide  solution ;  thence  to  normal  sea  water. 
With  thb  procedure  the  optimum  exposure  to  cyanide  before  warming  b  several 
times  longer  than  the  aft»  exposure. 
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portion  —  small  after  treatment  with  chloride  or  bromide,  but  con- 
siderable or  large  after  nitrate,  sulphocyanate,  and  iodide  —  exhibit 
membrane  formation,  irregular  form  change,  and  cleavage,  and  a  small 
proportion  may  develop  to  the  blastula  stage.  The  order  of  relative 
favorability  for  the  different  salts  is  the  same  as  above.  Thb  agreement 
confirms  the  view  that  the  primary  change  in  the  initiation  of  cell  division 
and  development  is  an  increase  in  the  permeability  of  the  plasma 
membrane. 

3.  The  above  order  is  also  that  of  relative  toxicity.  The  toxic  effect 
is  to  be  attributed  mainly  to  the  loss  of  diffusible  cell  constituents  through 
the  altered  plasma  membrane;  the  exit  of  pigment  is  a  visible  instance 
of  this  kind.  The  irreversibility  of  the  death  process  —  as  contrasted 
(e.  g.)  with  the  reversibility  of  anaesthesia  where  the  normal  permeabil- 
ity appears  to  be  decreased  rather  than  increased  —  is  a  correlate  of  the 
irreversible  chemical  disorganization  which  results  from  extensive  loss 
of  the  diffusible  protoplasmic  constituents  through  the  now  permeable 
plasma  membrane. 

4.  The  initiation  of  cleavage  is  similarly  to  be  referred  to  altered  con- 
ditions of  interchange  of  diffusible  substances  and  ions  across  the  plasma 
membrane  during  the  initial  period  of  temporarily  increased  permeabil- 
ity. Disturbances  of  chemical  equilibrium  thus  result  which  alter  the 
character  of  cell  metabolism  in  such  a  way  as  to  start  the  developmental 
processes.  The  changes  in  the  form  of  the  cell  and  in  the  configuration 
of  the  cytoplasm  (astral  radiations)  during  mitosis  are  referred  directly 
to  altered  electrical  polarization  of  the  plasma  membrane  consequent 
on  increased  ionic  permeability.  A  rhythm  of  alternate  increase  and 
decrease  of  permeability  thus  accompanies  the  rhythm  of  the  mitotic 
process. 
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THE  METABOLISM  OF  DEVELOPMENT.  —  I.  ENERGY 
METABOLISM  IN  THE  PREGNANT  DOG. 

By  J.   R.  MURLIN. 


Introduction, 

METABOLISM,  as  the  term  is  now  generally  understood,  in- 
cludes the  chemical  changes  by  which  the  living  substance  is 
produced  as  well  as  those  by  which  it  is  maintained.  The  term  also 
includes  the  chemical  transformations  by  which  energy,  for  the  various 
purposes  to  which  it  is  put  in  the  organism,  is  made  available,  whether 
in  the  developing  cell  or  in  the  mature  cell.  Thus  the  terms  substance 
metabolism  and  energy  metabolism,  which  are  now  coming  into  general 
usage  as  the  equivalents  of  the  German  Stoffwechsel  and  Kraftwechsel 
must  be  conceived  as  applying  to  the  developing  organism  as  well  as  to 
the  mature  organism. 

The  two  sets  of  processes  denoted  by  these  terms  are  by  no  means 
entirely  independent  of  each  other,  although  they  probably  rest  upon 
fundamental  properties  of  the  living  substance  which  are  quite  dis- 
tinct.^ These  properties,  as  nearly  as  they  can  be  denominated  at 
present,  are,  on  the  one  hand,  the  ability  to  attract  and  impress  into  its 
own  structure  germane  materials,  and,  on  the  other,  the  ability  to  b'b- 
erate,  in  most  cases  by  oxidation,  the  energy  supplied  to  it  in  potential 
form.  Because  one  is  a  synthetic  tendency  and  the  other  an  analytic 
tendency,  these  two  properties  have  frequently  been  regarded  as  direct 
oppo^tes,  and  the  terms  anabolism  and  katabolism,  introduced  by 
English  phy^ologists,  have  served  to  emphasize  this  distinction.    But 

'  Rubner:  "Man  soil  also  die  energetiache  Leistungen  von  den  Stoffwediscls- 
verandeningen  scharf  scheiden,"  Archiv  fUr  Hygiene,  1908,  btvi,  p.  31;  also  "Die 
Mehrung  der  lebenden  Substanz  hat  mit  dem  Kraftwechsel  selbst  nichts  zu  tUQ 
d.  fa.  bddes  sind  getieonte  uod  wohi  zu  scheidende  Fuoktionen,"  Ibid.,  p.  35. 
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these  latter  terms  have  led  to  some  confusion.  Introduced  at  a  time 
when  Liebig's  view  of  the  coincidence  of  substance  and  energy  changes 
was  the  prevailing  view,  they  have  served  through  indiscriminate  usage 
to  prolong  the  life  of  an  idea  long  past  its  usefulness.  Liebig  believed 
that  whenever  new  protoplasm  is  formed  energy  is  stored  and  that  the 
liberation  of  energy  necessarily  involves  a  destruction  of  protoplasm. 
But  from  our  present  knowledge  of  the  constitution  of  the  protein  sub- 
strate of  the  living  protoplasm,  it  requires  but  a  moment's  reflection  to 
convince  one  that  the  conversion  of,  say,  meat  protein  of  the  ox  to  tissue 
protoplasm  of  a  man  or  dog,  assuming  that  no  reduction  in  the  chemical 
sense  is  necessary  to  vitalize  this  protein,  involves  no  storage  of  energy,' 
and  it  has  been  abundantly  proven  by  the  Voit  school  of  investigators 
that  the  destruction  of  the  living  substance  (as  measured  by  the  output 
of  nitrogen)  is  by  no  means  proportional  to  its  activity,  i.  e.,  to  the 
amount  of  energy  liberated.'  Hence  the  antithesis  of  constant  building 
up  and  tearing  down  of  the  living  substance  as  a  condition  of  energy 
release,  which  the  terms  anabolism  and  katabolism  have  mistakenly 
been  used  to  emphasize,  can  no  longer  be  regarded  as  true.  AH  living 
substance  apparently  suffers  continually  a  certain  small  loss  of  nitrogen, 
but  this  loss  is  not  of  necessity  a  condition  of  energy  release,  especially 
if  the  separation  takes  place  by  hydrolysis.'    It  should  then  be  recog- 

*  This  has  been  made  practically  certain  by  the  calorimetric  studies  on  the  heat 
of  combustion  of  proteolytic  digests  before  and  after  digestion,  made  by  Lencyel 
(Archiv  fUr  die  gesammte  Physiologic,  1906,  cxv,  p.  7)  and  by  Ham  (/Wrf.,  p.  11);  and 
the  more  recent  attempt  made  by  Grafe  (Archiv  fUr  Hygiene,  1907,  Ixii,  p.  116)  to 

.  detect  a  heat  production  in  proteolysis  by  mea^is  of  an  extremely  sensitive  calorimeter. 
Both  methods  show  that  no  heat  whatever  is  generated  by  cleavage  of  proteins.  If 
our  assumption  that  syntbesb  of  proteins  from  these  same  cleavage  products  is  the 
essential  thing  in  the  formation  of  new  protoplasms  is  true,  then  their  construction 
can  be  accompanied  by  no  production  of  energy  in  the  sense  in  which  this  occurs 
when  starch  is  formed  from  CO|  and  H,0. 

'.See,  e.g.,  Vorr,  Zeitschrift  fiir  Biologic,  r866,  ii,  p.  339;  Fick:  Vierteljahr- 
scbrift  der  ZUrischer  naturforscber  Gesellschaft,  1865,  x;  Kruhhachek:  Zeit- 
schrift fUr  Biologie,  1896,  izxiii,  p.  108;  Atwater  el  ai.:  United  States  Department 
of  Agriculture,  Office  of  Experiment  Stations,  Bulletins  Nos.89  (1901)  and  117  (1903); 
Frenzel,  Archiv  fUr  die  gesammte  Physiologic,  1S97,  btviii,  p.  iii;  and  many  others. 
Shaffek:  This  journal,  190S,  xxu,  p.  445,  has  recently  shown  that  there  is  not 
only  no  increase  in  the  total  nitrogen  output  in  muscular  work,  but  that  the  various 
nitrogen  fractions  have  the  same  relation  to  each  other  as  in  muscular  rest. 

*  See  ZvKTz:  Centralblatt  fUr  Physiologie,  1908,  xxii,  p.  67. 
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nized  that  processes  of  anabolism  (building  up  of  materials  under  the 
influence  of  the  living  substance)  do  not  of  necessity  involve  a  storage 
of  potential  energy,  and  that  processes  of  katabolism  (breaking  down 
of  materials  under  the  influence  of  the  living  substance)  may  take  place 
without  release  of  any  energy. 

The  living  substance,  as  a  matter  of  fact,  so  long  as  it  is  living  and 
under  the  conditions  usually  termed  normal,  seems  to  be  relatively 
stable,  so  far  as  oxidation  is  concerned,  but  it  is  endowed  with  the  prop- 
erty of  "activating"  oxygen,  and  this  enables  it  to  bring  about  the 
oxidation  of  inert  materials  (fats,  carbohydrates,  and,  after  splitting 
off  of  the  nitrogen,  of  nitrogenous  materials  as  well)  which  may  be 
brought  into  an  intimate  enough  relationship  with  it.  The  growth  or 
maintenance  tendency  of  the  living  substance  certainly  is  not  the  opp>o- 
site  of  this,  but  is  probably  to  be  looked  upon  as  a  sort  of  polymeriza- 
tion whereby  unitary  components  of  the  living  substance  attract  similar 
unitary  chemical  structures  which  cannot  themselves  be  described  as 
living,  but  which  take  on  the  vital  character  in  virtue  of  their  incor- 
poration into  the  more  complex  relationship.  That  the  process  of 
oxidation  is  a  condition  essential  to  the  continuance  of  this  polymeriza- 
tion is,  perhaps,  a  safe  inference  from  its  almost  universal  association 
therewith.' 

Since  the  chemical  basis  of  the  li\ing  substance  is  essentially  protein 
in  nature,  the  study  of  the  substance  metabolism  resolves  itself  mainly 
into  a  study  of  the  chemical  changes  in  the  protein  materials  entering 
the  organism  as  food,  from  the  moment  their  digestion  begins  until 
their  reappearance  in  the  external  world  as  waste.  The  study  of  the 
energy  metabolism,  on  the  other  hand,  concerns  itself  mainly  with  the 
oxidation  of  non -nitrogenous  materials."  One  is  obliged  to  say  "mainly" 
in  both  cases,  because,  in  the  first  place,  certain  cells  always  normally, 
and  most  cells  at  times,  contain  non-nitrogenous  materials  which  fluc- 
tuate in  amount  with  the  nutritive  condition  of  the  living  substance,  and 
in  this  sense  are  to  be  regarded  as  a  part  of  it,  and,  in  the  second  place, 
some  energy  probably  always  is  derived  from  what  were,  before  deami- 
dation,  nitrogenous  materials, 

•  Sec  p.  138. 

•  Cf.  Rubner:  "Beim  Eiweiss  driingt  sich  in  der  Emahrung  die  substantielle 
Frage,  bdm  Fett  und  Kohlehydrat  die  djnamogene  in  den  Vordergrund,"  Loc.  cil., 
P-34- 
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Differences  in  Metabolism  between  Developdig  and 
Adult  Okganisus. 

It  is  already  clear  that  the  chemical  processes  by  which  the  living 
substance  is  maintained  are  not  identical  with  those  by  which  it  is 
originally  produced.  We  know,  for  example,  that  growth  and  division 
of  the  nuclei  are  essential  in  the  production  of  new  tissues,  while  the 
mere  replenishment  of  cell  materials,  ^uch  as  is  taking  place  continu- 
ally on  a  small  scale  or  such  as  may  take  place  in  convalescence  on  a 
large  scale,  may  go  on  without  division  of  the  nucleus.  Since  it  is  known 
that  the  nucleus  is  essential  to  processes  of  intracellular  digestion,'  it  is 
possible  that  the  nucleus  plays  some  essential  rflle  in  this  process  of 
replenishment;  but  the  fact  that  the  nucleus  itself  does  not  grow  and 
divide  under  these  circiunstances,'  together  with  the  tact  that  its  re- 
actions and  constitution  are  known  to  be  different  from  those  of  the 
cytoplasm,'  makes  it  very  probable  *  that  growth  involves  chemical 
processes  not  concerned  in  the  replenishment  which  follows  ordinary 
waste  or  that  which  follows  extraordinary  waste  in  diseased  conditions. 
Rubner '"  has  drawn  attention  to  the  fact  that  the  maintenance  ten- 
dency is  of  primary  importance  even  in  the  young  organism,  since  the 
"wear  and  tear"  quota  (Abnutzungsquole)  must  be  satisfied  before 
growth  (postembryonic)  of  the  organism  as  a  whole  can  assert  itself. 
If  we  assume  that  the  every-day  repair  concerns  mainly  the  cytoplasm, 
except  where  cells  are  actually  being  destroyed,  Rubner's  view  might 
be  interpreted  to  mean  that  the  processes  in  the  nucleus  which  result 
in  its  growth  and  division  can  take  place,  even  in  the  young  oi^anism, 
only  under  certain  optimum  nutritive  conditions  of  the  cytoplasm.  It 
is  my  intention  to  deal  with  some  phaJses  of  the  substance  metabolism 
in  development  more  fully  in  a  subsequent  paper.     At  present  the 

'  Cf.,  t.  g.,  Vesworn,  Zeitschrift  fOr  wissenchaftliche  ZoSlogie,  1888,  xlvi,  p.  455, 
and  Archiv  fdr  die  gesammte  Physiologie,  1893,  li,  p.  i;  Hofer,  Jenaischer  Zdl- 
schrift  filr  Nalurwissenschaft,  1889,  xvii,  p.  105;  Miss  Greenwood,  Journal 
of  physiology,  several  articles,  18S6-1S90. 

'  Cf.  Loeb:  Archiv  fiir  die  gesammte  Physiologie,  1894,  Ivi,  p.  370;  Loewen- 
thal:  Zeitschrift  filr  Nervenbeilkunde,  1898,  liii,  p.  106;  Vibchow:  Cellular- 
paihologie,  4th  ed.,  1871,  p.  365;  and  Adaio,  Priadples  of  pathology,  1908,  i, 
p.  S4t- 

*  MiESCHER,  A.  B.  MacALLUU,  KOSSEL,  a.  p.  MATHEtra. 

»  Loe.  at.,  p.  81. 
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possible  differences  between  the  developing  and  the  adult  organism  are 
mentioned  only  for  the  purpose  of  introducing  the  possible  diEferences 
in  the  energy  metabolism. 

There  is  no  reason  for  thinking  that  the  mechanism  by  which  energy 
is  liberated  in  young  cells  is  different  from  that  which  performs  the 
same  service  in  mature  cells.  The  living  substance  of  all  cells,  (with 
the  exception  of  the  anaerobic  forms)  is  dependent  upon  some  power, 
call  it  the  "activation  of  oxygen,"  whereby  oxygen  becomes  capable  of 
uniting  with  the  elements  of  the  soluble  food-stuffs  at  a  temperature 
much  below  the  ordinary  kindling  temperature.  We  need  not  delay  to 
discuss  the  different  theories  which  have  been  advanced  to  account  for 
this  "activation."  It  has  been  rendered  very  probable,  by  the  observa- 
tions of  Spitzer  "  and  R.  S.  Lillie,"  that  the  nucleus  plays  an  essential 
part  in  this  function  in  resting  cells,  and  Loeb,"  on  the  evidence  ob- 
tained by  him  and  by  others,  suggests  that  the  reason  why  an  enucleated 
cell  cannot  grow  is  because  the  synthetic  processes  are  dependent  upon 
the  oxidative  changes  brought  about  through  the  nucleus. 

Warburg's  "  recent  observation  that  fertilized  sea  urchin  eggs  absorb 
six  to  seven  times  as  much  oxygen  in  the  same  length  of  lime  as  do  un- 
fertilized eggs,  lends  weight  to  the  view  that  oxygen  is  in  some  way 
essential  to  the  growth  process,  but  his  further  observation  that  there 
was  no  proportion  between  the  amount  of  oxygen  absorbed  and  the 
number  of  nuclei  (blastomeres)  present,  and  that  still  more  oxygen 
was  absorbed  when  the  eggs  were  placed  in  hypertonic  solutions  and 
cell  divisions  had  ceased,"  certainly  do  not  favor  the  idea  that  oxygen 
absorption  is  dependent  on  nuclear  activity.  This  is  in  accordance 
with  Rubner's  "  view  that  the  morphological  changes  in  the  nucleus 
accompanying  cell  division  are  the  expression  of  synthetic  processes 
rather  than  of  the  destructive  processes  of  oxidation.  Lyon's  "  sugges- 
tion (based  upon  an  observed  rhythmical  susceptibility  to  lack  of  oxygen 
and  a  possible  rhythmical  production  of  carbon  dioxide  by  segmenting 

"  Spitzeb  :  Archiv  filr  die  gesammte  Physiologie,  1895,  Ix,  p.  303. 

"  Lillie:  This  journal,  1903,  vii,  p.  413. 

"  Loeb;  Archiv  fUr  EntwickelungsmechBnik,  1S99,  viii,  p.  689. 

"  WARfliTiG:  Zeitschrift  fOr  physiologische  Chemie,  190S,  Ivii,  p.  i. 

•*  Warburg:  Ibid.,  1909,  Ix,  p.  443. 

"  RuBNER:  Archiv  fUr  Hygiene,  1908,  Ixvi,  p.  .146. 

"  Lyon:  This  journal,  1904,  xi,  p.  51. 
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sea  urchin  eggs)  that  the  oxygen  is  used  chiefly  for  syntheses  during  the 
growth  phase  of  cell  division,  while  the  carbcHi  dioxide  is  liberated 
chiefly  ^t  a  time  when  the  cytoplasmic  mass  is  in  actual  division, 
may  serve  eventually  to  harmonize  these  observations;  but  the  facts 
are  as  yet  insufficient  to  warrant  such  a  conclusion. 

Whatever  be  the  explanation  from  the  stajidpoint  of  the  individual 
cell,  however,  there  is  no  doubt  that  embryonic  development  does  occa- 
sion a  more  active  production  of  carbon  dioxide  per  unit  of  mass  than 
takes  place  in  adult  tissues.  This  has  been  demonstrated  by  Farkas  '* 
for  the  eggs  of  the  silkworm,  by  Bohr  "  for  the  embryo  ^ake,  by  Bohr 
and  Hasselbach,  and  by  Hasselbach  alone  "  for  the  developing  chick, 
and  by  Bohr  **  for  the  embryo  guinea  pig.  That  this  greater  evolution 
of  carbon  dioxide  is  the  expression  of  a  greater  liberation  of  energy  also 
is  rendered  perfectly  certain  by  the  calorimetric  measurements  made 
by  Farkas  **  of  the  heat  of  combustion  of  unincubated  and  incubated 
silkworm  eggs,  and  those  of  Tangl "  on  the  eggs  of  the  cadaver  fly;  by 
similar  measurements  made  by  Tangl "  and  by  Tangl  and  Mituch  "  on 
unincubated  and  incubated  hen's  eggs;  and  by  the  direct  calorimetric 
determination  of  the  heat  produced  in  the  developing  hen's  egg  made 
by  Bohr  and  Hasselbach." 

Specifically,  Bohr  and  Hasselbach  found  on  the  fifth  day  of  incuba- 
tion of  the  hen's  egg  a  production  of  CO,  amounting  to  2000  c.c.  per 
kilogram  of  embryo  per  hour  as  against  718  c.c.  per  kilogram  and  hour 
for  the  adult  hen  (Regnault  and  Rieset).  The  CO,  production  from 
the  eighth  to  the  twenty-first  day  (end)  of  incubation  was  only  a  little 

"  Farkas:  Archiv  fUr  die  gesammte  Physiologic,  1903,  icviii,  p.  490. 

"  BoHx:  Skandinavisches  Archiv  filr  Physiologic,  1904,  xv,  p.  33. 

■  BoHB  and  Hasselbach:  Ibid,,  1900,  x,  pp.  149,  353. 

"  Bobk:  Ibid.,  1900,  I,  p.  413. 

"  Fakkas:  Lm.  cU.  < 

*•  Tavgli  Archiv  fur  die  gesammte  Physiologie,  19C9,  cxu,  p.  i, 

"  Tangl:  Ibid.,  1903,  ndii,  p.  337. 

"  Tanol  and  Mituch:  Ibid.,  1908,  cxi,  p.  437. 

*•  Bona  and  Hasselbach:  Skandioavisches  Archiv  fQr  Physiologie,  1903,  xv, 
p.  398.  See  also  Weinland's  paper  on  the  metamorphosis  of  the  blow-fly,  Zeit- 
scbrift  fUr  Biologie,  1906,  ilvii,  p.  1S6;  that  of  Tangl  and  Fakkas  od  the  eggs  of 
the  (rout,  Archiv  flir  die  gesammte  Physiologie,  1904,  civ,  p.  624;  and  that  of  GoD- 
LEwsKi,  00  frog's  eggs,  Archiv  ftlr  Entwickelungsmechanik,  1901,  xi,  p.  585.  All 
of  these  observers  measured  the  rate  of  metabolism,  but  did  not  compare  the  em- 
Ijryonic  directly  with  the  adult  metabolism. 
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greater  in  the  embryo  than  in  the  adult  hen,  but  was  sufficiently  high 
for  the  authors  to  feel  justified  in  concluding  that  it  was  "  a  condition 
for  the  organization  of  the  new  tissue  and  not  alone  for  the  maintenance 
of  tissues  already  formed.^'  Grafe,"  in  reviewing  this  work,  lays  special 
emphasis  on  the  fact  that  the  highest  energy  production  takes  place  at 
a  time  when  the  work  of  differentiation  is  most  active.  Bohr  had  pre- 
viously supported  this  view  with  the  evidence  derived  from  his  study 
of  embryo  snakes,"  Increasing  the  temperature  from  15°  C,  to  27*  C, 
increased  the  CO,  output  of  an  embryo  weighing  3.8  gm.  about  2.8 
times,  while  the  same  increase  in  temperature  raised  the  output  of  an 
embryo  weighing  0.5  gm,  exactly  four  times.  The  greater  increase 
produced  in  the  younger  embryo,  Bohr  believes,  was  due  to  the  greater 
change  in  the  intensity  of  the  developmental  processes.  That  is,  the 
processes  of  new  formation  (differentiation)  are  more  active  in  the 
younger  stage  and  it  is  this  part  of  the  developmental  process  which  is 
responsible  for  the  more  active  metabolism. 

Tangl's  results  on  the  hen's  egg  indicate  an  average  heat  production 
for  the  entire  incubation  period  of  100  calories  per  kilogram  per  day 
as  against  71  calories  per  kilogram  f)er  day  (at  i8°-20°)  for  the  adult 
hen  found  by  E.  Voit  *'  —  an  increase  of  41.3  per  cent.  Tangl  concludes 
that  the  energy  required  for  development  (Entwickelungsarbeit)  is 
considerably  greater  than  that  required  for  mere  maintenance  of  the 
adult  organism  (Erhaltungsarbeit).  The  difference  he  designates  as 
Bildungsarbeit."  Bohr's  findings  on  the  pregnant  guinea  pig "  are 
not  so  convincing.  The  average  production  of  CO,  in  the  embryo** 
he  found  to  be  509  c.c.  per  kik>gram  and  hour;  that  of  the  mother  46a 
C.C.  per  kilogram  and  hour  —  an  increase  of  only  10  per  cent.  Granted 
that  the  conditions  of  heat  loss  were  the  same  in  the  two,  which  is  doubt- 
ful, the  amount  of  metabolism  which  could  be  ascribed  to  any  develop- 
mental process  as  (^posed  to  the  maintenance  processes  would  be  very 
small. 

"  BoHB  and  Hasselbach:  Loe.  eit.,  x,  p.  149. 

^  Grafe:  Biocbemisches  Centralblatt,  1907,  vi,  p.  441. 

"  Bohr  :  Skandinaviscbes  Arcbiv  f Ur  Physiologie,  1904,  xv,  p.  23. 

"  E.  Voit:  Zeitschrifl  fUr  Biologie,  1901,  xli,  p.  no, 

"  Tangl:  Archiv  filr  die  gesammte  Pbysiologie,  xciii,  p.  36a. 

"  Bohk:  Skandinaviscbes  Archiv  fUr  Physiologie,  1900,  xv,  p.  413, 

**  Estimated  by  noting  tbe  difference  in  tbe  output  of  tbe  mother,  under  anaesthesia 
and  immersed  in  a  warm  bath,  when  tbe  umbilicus  of  a  single  embryo  was  clamped 
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Rubner  **  believes  that  his  dynamic  law  of  skin  area  "  is  applicable 
to  the  embryo.  He  calculates  that  the  metaboHsm  of  the  new-bom 
mammal,  assuming  its  weight  to  be  8  per  cent  of  that  of  its  mother, 
would  be  nearly  double  as  much  [x:r  kilogram  and  hour  as  that  of  the 
mother.  Because  the  embryo  is  less  active  in  every  way  than  the  new- 
bom,  its  metabolism  per  unit  of  weight  should  be  considerably  less  than 
this,  which  indeed  the  results  of  Bohr  and  of  Tangl  show  to  be  the  case. 
Rubner  explains  the  higher  metabolism  of  the  embryo  per  unit  of  weight, 
therefore,  as  due  not  to  any  specific  requirement  for  developmental 
energy,  but  entirely  to  the  greater  loss  of  heat  by  the  relatively  greater 
surface.  He  is  obliged,  however,  to  eliminate  the  first  four  tenths  *"  of 
the  embryonic  life  from  the  operation  of  this  law,  because  within  that 
period  the  embryo  is  of  no  appreciable  size  as  compared  with  the  mother. 
On  the  basis  of  the  average  composition  of  hving  substance  in  mammals 
and  using  seven  tenths  of  the  metabolism  of  the  new-bom  as  the  rate 
for  the  embryo,  Rubner  calculates  that  for  the  remaining  six  tenths  of 
the  gestation  period  the  "growth  quota"  of  the  embryo  in  most  mammals 
is  from  38  to  40  per  cent  of  the  energy  supplied,  as  contrasted  with  34 
per  cent  for  extra-uterine  life.  In  other  words,  for  each  calorie  of  heal 
value  stored  in  the  new-bora,  nearly  two  calories  of  energy  must  be  ex- 
I>ended,  white  for  each  calorie  deposited  in  the  embryo  "  only  one  and 
one-half  calories  need  be  expended  (on  the  basis  of  40  per  cent). 

Qualitative  Differences. 

The  qualitative  differences  in  the  metabolism  of  the  embryo  from 
that  of  the  adult  depend  on  the  kind  of  food  material  supplied  by  the 
mother  in  the  egg  (oviparous  development)  or  by  the  circulation  (vivip- 
arous) for  the  nutrition  of  the  embryo.  A  hen's  egg  contains  no  car- 
bohydrate ;  hence  the  respiratory  quotient  in  development  of  the  chick 
can  never  be  greater  than  0.78.    The  chemical  studies  of  Liebermann,'' 

•*  Rubner:  Loc.  cU.,  p.  i8o. 

"  Sec  Lusk:  Elements  of  the  science  of  nutrition,  ad  edition,  p.  89,  Philadelphia, 
1909,  for  an  elucidation  of  this  law. 

**  Thb  calculation  is  based  on  the  guinea  pig  and  man. 

"  Tangl  had  previously  shown  (Loc.  cil.,  1903,  xdii,  p.  317)  that  the  amount  used 
in  the  complete  development  of  the  chick  b  only  one  calorie  for  each  two  calories  laid 

**  Liebeuiann:  Arcbiv  fUr  die  gesammte  Physiologic,  18SS,  xviii,  p.  71. 
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the  calorimetric  determinations  of  the  heat  of  combustion  by  Tan^,* 
and  the  metaliolisni  studies  (using  both  the  direct  and  the  indirect 
methods)  by  Bohr  and  Hasselbach  "  alt  agree  in  showing  that  the 
material  oxidized  in  the  development  of  the  chick  is  fat.  Liebermann 
believed  that  some  nitrogen  was  lost,  but  both  Hasselbach  **  and  Tangl 
and  Mituch  have  shown  that  this  is  incorrect.  The  nitrogenous  build- 
ing material  is  not  used  as  a  source  of  energy. 

The  source  of  enei^  for  the  silkworm  embryo,  according  to  the 
chemical  studies  of  Tichomiroff "  and  the  respiration  experiments  of 
Farkas;"  for  the  blow-fly  embryo  according  to  the  respiration  experi- 
ments of  Weinland ; "  and  for  the  cadaver  fly  according  to  the  calori- 
metric determination  of  Tangl "  is  likewise  mainly  fat.  No  nitrogen 
is  lost  in  gaseous  form  during  the  development  of  any  of  these  insects, 
but  a  portion  of  the  energy  (according  to  Farkas  approximately  one 
third)  arises  from  the  oxidation  of  proteins  to  uric  acid."  Both  Ticho- 
mirofT  for  the  silkworm  egg  and  Weinland  for  the  blow-fly  recorded  a 
reduction  of  the  glycogen  content  of  the  egg,  but  Weinland  believes 
this  may  have  been  converted  to  chitin.  There  is  no  evidence,  he  says, 
that  glycogen  has  served  as  a  source  of  energy. 

Our  information  as  to  what  material  is  the  source  of  energy  for  the 
mammalian  embryo  is  extremely  scanty.  Cohnstein  and  Zuntz " 
analyzed  the  blood  in  the  umbilical  artery  and  vein  of  the  sheep  embryo 
for  oxygen  and  carbon  dioxide,  and  noted  a  difference  of  4.67  vols,  per 
cent  O,  and  4.72  vols,  per  cent  CO,  in  one  case  and  4.0  vols,  per  cent 
O,  and  6.5  vols,  per  cent  COj  in  another.  These  figures  would  give 
respiratory  quotients  of  1.01  and  1.6,  respectively,  for  the  two  embryos. 
It  is  doubtful  whether  these  figures  are  to  be  trusted,  since  6n  the  basis 
of  the  same  analyses  the  authors  claim  a  metabolism  for  the  embryo 

*  Tangl:  Loc.  cU.,  1903. 

"  BoHB  and  Hasselbach:  Loc.  cit.  and  Ibid.,  1903,  xv,  p.  398. 

"  Hasselbach:  Loc.  cit.',  1900. 

"  Ttchomiroff:  ZeiCschrift  fllr  physiologische  Chemie,  18S5,  ix,  p.  518. 

"  Faskas:  Archiv  fUr  die  gesammte  Physiologic,  1903,  xcvtii,  p.  490. 

"  Weinland:  Loc.  cit. 

"  Tangl:  Loe.  cit. 

**  Tangl  and  Fakius  observed  do  change  in  the  N-content  of  developing  trout 
eggs. 

"  CoHMSTEiN  and  Zuntz:  Archiv  fUr  die  gesammte  Physiologie,  1884^  xxiv,  pp. 
330,  231. 
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of  only  one  fourth  to  one  sixth  as  much  per  unit  of  weight  as  for 
the  mother.  The  quotients  agree,  however,  with  those  found  by 
Bohr  "  on  the  embryo  of  the  guinea  pig.  Bohr  took  the  difference 
between  the  total  gaseous  exchange  of  the  pregnant  animal  (after  opera- 
tion under  anesthesia  and  immersed  in  a  warm  bath)  before  and  after 
clamping  off  a  single  umbilicus.  The  respiratory  quotient  Indicated  for 
the  embryo  was  always  in  the  neighborhood  of  unity.  Oddi  and  Vica- 
rellt  **  report  also  a  progressive  increase  in  the  respiratory  quotient  in 
the  course  of  pregnancy  in  the  mouse,  According  to  these  observa- 
tions, therefore,  the  most  diffusible  of  the  foodstuffs,  the  one  most 
readily  passed  through  the  placenta,*'  is  probably  the  source  of  energy 
for  the  mammalian  embryo.  There  is  no  satisfactory  evidence  as  yet 
that  proteins  participate  to  any  considerable  extent  in  furnishing  such 
energy. 

To  summarize  the  evidence  to  date,  then,  we  find,  in  general,  (i)  that 
the  energy  metabolism  of  the  embryo  is  greater  per  unit  of  weight  than 
that  of  the  mother,  and  (a)  that  this  energy  is  derived  in  oviparous 
animals  almost  entirely  from  fat  and  in  viviparous  animals  almost 
exclusively  from  carbohydrate. 


Metabolism  in  Psegnancy. 

In  the  light  of  these  facts  what  change  should  we  expect  in  the  energy 
metabolism  of  the  pregnant  organism  as  contrasted  with  the  same  or- 
ganism in  sexual  rest  ?  First,  it  is  clear  that  the  energy  requirement  of 
the  embryo  alone  should  be  progressively  greater,  so  far  as  absolute 
measurements  are  concerned,  as  the  mass  of  embryonic  tissues  in- 
creases. Whether  this  increase  is  proportional  to  the  increase  in  weight 
or  to  the  increase  in  superfidal  area  of  the  embryo,  as  Rubner  believes 

**  Bohk:  Loc.  cU.,  1900. 

*  Oddi  and  Vicabelu:  Archives  iuliennes  de  biologic,  1S91,  xv,  p.  367,  re- 
viewed in  Centralblatt  fUr  Physiologie,  1891,  v,  p.  601. 

"  The  passage  of  dextrose  through  the  placenta  has  been  definitely  proved  by 
COHNSTEiN  and  Zunn,  Archiv  fUr  die  gestunmte  Physiologie,  xMi,  p.  34a,  by  Ldd- 
WIG,  Zentralblatl  fUr  Gynitkologie,  1895,  six,  p.  381,  and  others.  See  L.  Zuntz; 
"Der  Stofiaustauch  zwischen  Mutter  und  Frucht,"  in  Die  Ergebnisse  der  Physi- 
ologie, 1908,  vii,  p.  430.  See  also  recent  literature  on  glycogen  in  embryonic 
tissues,  e.  g.,  Mendel  and  Leavenwokth,  This  journal,  1907,  xx,  p.  117. 
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to  be  the  case  for  the  latter  six  tenths  of  the  gestation  period  at  least, 
has  not  yet  been  determined  by  actual  observations.  In  the  second 
place,  the  energy  requirement  of  the  mother  should  likewise  be  pro- 
gressively increased  by  the  demands  of  the  accessory  maternal  struc- 
tures —  uterus,  placenta,  mammx,  etc.  The  fcetal  fluids  (amniotic 
and  allantoic),  on  the  other  hand,  should  tend  of  themselves  to  diminish 
the  total  metabolism  of  the  pregnant  organism  per  unit  of  weight. 

But  few  experiments  have  been  made  to  determine  the  relative  rate 
of  the  metabolism  at  different  stages  of  the  pregnancy,  and  the  few  that 
have  been  made  are  confined  to  the  respiratory  metabolism.  Andral 
and  Gavarret "  made  determinations  of  the  COj  output  in  several 
pregnant  women  and  noted  a  progressive  increase  as  follows:  third 
month,  7.8  gm,  C.  per  hour;  fifth  month,  8,1  gm.  C. ;  eighth  and  one 
half  month,  8.4  gm.  These  figures  were  not,  however,  obtained  on  the 
same  subject ;  hence  are  of  little  value.  Reprew,'^  using  the  apparatus 
of  Paschutin  in  St.  Petersburg,  found  in  three  experiments  on  rabbits, 
one  on  a  guinea  pig,  and  one  on  a  dog  that  the  absorption  of  oxjgen 
decreased  as  pregnancy  advanced,  but  the  elimination  of  carbon  dioxide 
fell  still  more,  so  that  there  was  a  progressive  decline  of  the  respiratory 
quotient.  Oddi  andVicarelli,"  working  with  the  apparatus  of  Luciani 
and  Picetti  modified  by  Oddi,  found  exactly  the  reverse  relationship  in 
white  mice.  Both  the  oxygen  absorption  and  the  carbon  dioxide  elim- 
ination increased,  but  the  latter  to  a  greater  extent  than  the  former,  so 
that  the  respiratory  quotient  increased.  The  only  experiments  on 
women  yet  reported  have  been  done  with  the  Zuntz  apparatus,  and 
only  one  such  experiment  has  been  published  in  any  detail.  This  ex- 
periment, done  by  Magnus-Levy  in  1896  and  1897  was  reported  by  him 
in  an  address  before  the  Gesellschaft  fiir  Geburtshiilfe  und  Gynakologie 
in  Berlin  in  1904," 

His  subject,  a  woman  of  large  build,  weighing  in  the  non-pregnant 

"  Andral  and  Gavakret:  AnnaJes  de  chemie  et  de  physique,  1843,  3°  ser.,  \m, 
p.  139. 

"  Refkew:  According  to  a  translation  of  the  origina.1  made  (or  me  by  Dr. 
A.  I.  RiNCEB,  Reprew's  results  are  due  to  differences  in  temperature;  aJso 
Ueber  den  Einfluss  der  Schwangerschaft  auf  den  Stoffwechsel  bei  Thieren,  Innaug.- 
Dissert.  St.  Petersburg,  1889,  mentioned  by,  Zachabjewski,  Zeilschrift  flir  Biologic, 

1894,  XXX,  p.  368. 

"  Oddi  and  Vicarelu:  Loc.  cit. 

**  Magnus-Levy  :  Zeitschrift  far  Geburtshiilfe  und  Gynikologie,  1904,  lii,  p.  1 16. 
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condition  108  kg,,  showed  a  progressive  increase  in  the  absorption  of 
oxygen  from  302  c.c.  per  minute  in  the  non-pregnant  condition  to  383 
cc  per  minute  in  the  ninth  month.  Reckoned  per  kilogram  of  body 
weight,  there  was  also  a  ^Ight  increase  as  follows : 


Non-pregnant  . 
Thinl  month  . 
Fouith  month  . 
Fifth  month 
Sixth  month  . 
Seventh  month 
Eighth  month  . 
Ninth  month    . 


79  cc.  O,  per  kilo  per  min. 
.c.  O,  per  kilo  per  min. 
,c.  O,  per  kilo  per  min. 
O,  per  kilo  per  min, 
.c.  O,  per  kilo  per  min. 
O,  per  kilo  per  min. 
.c.  O,  per  kilo  per  min. 
.c.  O,  per  kilo  per  min. 


3.93  c. 
3-16  c. 


3-10 


3-33  c- 


In  discussing  Magnus-Levy's  paper  L.  Zuntz  reported  at  the  same 
meeting  other  experiments  performed  by  Franz  MQller  in  which  no 
increase  of  the  oxygen  absorption  per  kilogram  could  be  demonstrated 
up  to  the  fifth  month,  and  L.  Zuntz,  in  his  Ergebnisse  article,**  mentions 
two  cases  in  which  he  himself  could  find  no  clear  evidence  of  an  in- 
creased absorption. 

OsiciNAL  Observations. 

With  the  idea  of  testing  Magnus-Levy's  results  the  writer  imdertook 
a  couple  of  years  ^o  some  experiments  on  the  total  metabolism  of  the 
pregnant  dog,  using  the  smaller  Voit-Pettenkoffer  apparatus  for  the  de- 
termination of  the  carbon  dioxide  output.  Because  of  the  difficulty 
of  maintaining  a  constant  temperature  in  the  respiration  chamber  as 
usually  constructed  for  this  apparatus  and  the  impossibility  of  deter- 
mining the  oxygen  absorption  with  any  satisfactory  degree  of  accuracy, 
only  one  experiment  covering  the  entire  gestation  period  was  com- 
pleted. Toward  the  end  of  this  period,  however,  a  constant-temperature 
cage  was  constructed  and  by  the  help  of  this  the  writer  was  able  to 
secure  a  very  satisfactory  comparison  of  the  total  metabolism  of  the 
mother  and  a  single  puppy  just  before  and  just  after  birth  with  that 
of  the  mother  dog  alone  in  sexual  rest  two  weeks  after  lactation  had 
ceased.  This  was  repeated  six  months  later  on  the  same  dog  in  a  second 
pregnancy  from  which  five  puppies  were  bom. 

*'  Zuntz;  Loc.  eU. 
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Protocol. 


Firsl  pregnancy.  — The  dog,  a  female  bull  terrier,  weighing  12.3  kg.  00 
April  21,  was  copulated  by  a  male  of  the  same  breed  on  April  22,  1908.  A 
single  puppy  was  bom  on  June  26.  The  d<^  was  kept  in  the  respiration 
chamber  on  two  days  of  each  week  of  the  gestation  period  and,  together  with 
the  puppy,  on  the  first  day  following  parturition.  The  dog  was  on  a  meas- 
ured diet  every  day  of  the  gestation  period  and  for  several  weeks  after  parturi- 
tion. The  urine  was  collected  daily  for  the  same  period.  On  days  of  the 
respiration  experiments  the  daily  routine  began  about  five  p.  M.  The  dt^  was 
catheterized,  then  was  weighed  and  fed,  and  the  feces  were  obtained  on  a 
platter.  Immediately  thereafter  the  dog  vras  placed  in  the  chamber  and  kept 
for  twenty-two  hours,  allowance  being  made  for  a  short  halt  in  the  morning 
for  the  purpose  of  drawing  the  urine,  by  running  as  much  later  in  the  after- 
noon. What  remained  of  the  twenty-four  hours  was  employed  in  exchanging 
the  barium  hydrate  tubes,  re-standardizing  the  meters  and  attending  to  the 
food,  urine,  etc.  The  food,  with  the  exception  of  the  first  week,  contained 
approximately  the  same  amount  of  nitrogen  and  potential  energy  through- 
out, and  from  the  beginning  of  the  fifth  week  to  the  end  of  the  experiments 
contained  exactly  the  same  amounts.    This  daily  diet  follows: 


27s  gm.  beefheart  (3  %  N  and  5  %  fat) 
40  gm.  lard 

50  gm.  crackermeal  (1.48  %  N) 
10  gm.  bone  ash 
2gm.  salt 

8.350  gra.  N  and  339-3  cal. 

373.0  cal. 

0.740  gm.  N  and  196.2  cal. 

0.0                           0.0 

Total 

8.990  gm.  N  and  907.4  cal. 

Sexual  rest.  —  The  puppy  was  taken  away  from  the  mother  at  the  end  of 
a  week,  but  the  mother  dog  w'as  kept  in  the  same  cage  and  on  the  same  diet 
until  July  15.  After  spending  the  summer  in  the  country  the  dog  was  brought 
into  the  laboratory  again  in  September  and  was  placed  on  a  measured  diet 
early  in  October. 

Second  pregnancy.  —  Signs  of  menstruation  were  observed  on  October  4 
and  on  the  10th  the  male  was  taken.  Copulation  was  permitted  again  on  the 
nth  and  a  third  time  on  the  12th.  The  urine  was  collected  throughout  this 
pregnancy  for  the  purpose  of  following  the  protein  metabolism,  and  for  this 
purpose  the  diet  was  varied  somewhat,  but  at  the  time  the  respiration  experi- 
ments were  begun  (December  10)  the  dog  had  been  on  the  old  diet  for  two 
days. 


Digitized  byGoOgIC 


The  Metabolism  of  Development.  147 

The  results  are  given  in  brief  in  Tables  I  and  II,  in  more  detail  in  Table 
III,  at  the  end  of  the  paper.  The  total  energy  production  is  calculated 
from  the  total  N  and  C  excreted  and  from  the  known  amount  of  carbo- 
hydrate present  in  the  food,  assuming,  as  is  usually  done,  that  all  of 
the  carbohydrate  eaten  each  day  was  oxidized. 


(The  FiGDKES  are  fob  T 
Days  fob  each  Week. 
First  Precsascv.) 


TABLE  r. 
Ekercv  Balance  in  Precnancv. 

TwENTY-FOnR    HoDRS    I 


Week 

Weight 
in  kg. 

Mean 

temp,  of 
cage.. 

Calon 

cs  of  total  energy. 

Ca!.  energy  per 
kilogram. 

In  food. 

Produced.     Retained. 

In  food. 

Pro- 
duced. 

, 

12.29 

21.7»  C. 

662.S 

550.6 

111.9 

53.8 

44.6 

II 

12.24 

16.7° 

905.6 

612.4 

293,1 

73.4 

50,0 

III 

12.63 

18.9° 

867.2 

572.7 

294.5 

68.6 

45,4 

IV 

12.70 

19.6° 

867.2 

554.5 

312.7 

68.2 

43.6 

V 

13.07 

23.7° 

907.4 

543.2 

364.2 

69.5 

41.S 

vr 

13.33 

22.3'    ■ 

907.4 

S47.7 

3S9.7 

68.1 

41.2 

VII 

13.80 

? 

907.4 

583.1' 

324.3 

66,4 

42.3 

VIII 

14,0 

22.8 

907.4 

628.9 

278.S 

64.6 

44.8 

'  Estimated  from 

VI  and  VIII  weeks. 

To  spealc  of  the  energy  production  at  different  stages  of  the  preg- 
nancy first,  it  may  be  noted  (Table  I)  that  the  low  result  in  the  first 
week  is  due  partly  to  the  relati^'ely  high  temperature  as  compared  with 
the  weeks  immediately  following,  and  partly  to  the  low  energy  content 
of  the  food  —  53.8  cal.  per  kilogram.  The  high  result  in  the  second 
week,  on  the  contrarj',  is  due  to  opposite  conditions  in  both  respects. 
While  it  is  to  be  presumed  that  the  total  energj'  production  in  the  fourth 
week  would  have  been  greater  than  in  the  third  week,  had  the  tempera- 
ture been  the  same  on  the  experiment  days,  it  could  not  have  been  much 
greater.  The  food  was  the  same,  and  the  average  temperature,  read  about 
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once  an  hour,  was  only  0.7°  lower  in  the  third  than  in  the  fourth,  yet  the 
daily  total  for  the  third  week  is  three  per  cent  more  than  for  the  fourth. 
This  confirms  the  results  reported  by  L.  Zuntz  "  and  is  in  accord  with 
Rubner's  idea  that  the  total  heat  production  of  the  embryo  as  compared 
with  that  of  the  mother  does  not  rise  above  the  zero  line  until  near  the 
middle  of  the  gestation  period.*'  Even  in  the  sixth  week  we  cannot 
be  sure  that  the  slight  increase  over  the  fifth  is  not  due  to  the  slightly 
lower  temperature.  The  experiment  was  interrupted  in  the  seventh 
week.  The  figures  given  for  this  week  are  the  means  of  the  results  for 
the  sixth  and  eighth  weeks.  Not  until  the  eighth  week,  therefore,  can 
we  be  absolutely  certain  of  an  increased  energy  production.  The  dif- 
ference between  the  sixth  and  eighth,  about  15  per  cent,  is  so  great,  - 
however,  that  it  is  reasonably  certain  that  the  seventh  week  would  have 
shown  an  increase  of  about  the  amount  indicated  in  the  table.  The 
absolute  increase  in  oxygen  absorption  which  Magnus-Levy  reports  for 
the  eighth  week  over  that  of  the  sixth,  in  his  single  case,  is  only  4  per 
cent.  Magnus-Levy  does  not  state  whether  his  subject  was  on  the 
same  diet  at  the  time  of  the  different  experiments  or  whether  the  ex- 
periments were  made  at  the  same  time  of  day.  Assuming  that  such  was 
the  case,  one  is  inclined  to  conclude  from  this  single  experiment  that 
the  increase  is  much  more  rapid  near  the  end  of  gestation  in  the  dOg 
than  in  the  woman.  The  dog  was  a  well-trained  animal  and  was  seen 
frequently,  every  one  or  two  hours  at  most,  throughout  the  respiration 
period.  She  lay  perfectly  still  nearly  all  the  time.  The  difference  noted 
between  the  sixth  and  eighth  weeks,  therefore,  is  not  due  to  a  difference 
in  muscular  activity,  and  since  the  conditions  as  regards  both  the  food 
and  temperature  were  nearly  identical,  the  figures  give  an  accurate 
picture  of  the  difference  in  energy  production  for  these  periods. 

Calculated  per  kilogram  of  body  weight  the  metabolism  in  the  eighth 
week  is  nearly  9  per  cent  higher  than  in  the  sixth.  In  Magnus-Levy's 
case  the  difference  is  only  2  per  cent. 

Other  differences  noticeable  in  the  last  column  of  Table  I  are  due, 
as  already  explained,  partly  to  differences  in  temperature  and  partly 
to  differences  in  the  calorific  content  of  the  diet, 

*•  Zdntz:  Loc.  cU.  "  See  p.  141. 
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The  Metabousu  just  before  and  just  after  Parturition. 

Much  more  significant  than  these  few  figures  on  the  rate  of  metab- 
olism at  different  stf^es  of  the  pregnancy  are  the  results  obtained  by 


Enbkcv  Metabolisu   befobe   and   after   pAKtuwriON  cohpaked  with  Sexual 
Rest.  Results  calculated  fob  twesty-foub  Houbs  (see  Table  III). 

FiBST  Pbegnancv. 

Day  from 

Weight 
in  kg. 

Temp, 
of  cage. 

Calorie*. 
Total  energy. 

Calories. 
Energy  per  kg. 

In  food. 

Pro- 
duced. 

Re- 

In  food. 

Pro- 
duced. 

Third  before 
(June  ,3) 
Partuntion 
(June  .6) 
First  after 
(June  2J) 

14.S 
14.0" 

28.0»  C 
On 
28.0" 

907.4 

e  puppy 

907.4 

SS1.3 

bom:  we 
640.6 

356.1 

ight,  380 
266.8 

62.S 
gm. 
64.8 

38.0 
45.7 

Sexual  Rest;  after  Lactation. 

^^li^Ou^tj)     "■"       ^■^°        '"■''        ^5-^ 

402.1        66.S         35.9 

Second  Pbegnancv. 

Third  before 

(Dec.  .,) 
Parturition 
(Dec.  14) 
First  after 
(Dec.  IS) 

16.86 
16.14 ' 

27.1' 

Five 
27.0» 

907.4 
puppies 
907.4 

763.8' 
bom:  w 
1040.4' 

143.6 
eight,  .56 
-133.0 

53.8 

ogm. 
S6.2 

4S.8 
65.0 

'  Combined  weight  of  mother  and  brood. 

'  These  figures  on  recalculation  are  slightly  different  from  those  already  published 

journal,  1909,  xiiti,  xxxii,  and  Lusk:  Science  of  nutrition,  second  edition,  1939,  p.  aji. 

comparison  of  the  total  energy  production  just  before  and  just  after 
parturition  with  that  of  the  mother  dog  alone  in  sexual  rest.  These 
results  are  shown  in  Table  II.  The  temperature  was  the  same,  within 
1°  C,  on  alt  these  days,  the  diet  was  exactly  the  same,  and,  since  the 
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dog  was  observed  to  Jje  quiet  on  all  the  days  which  are  here  compared, 
we  may  safely  assume  that  the  differences  which  the  table  exhibits  are 
really  due  to  the  different  physiological  conditions  represented. 

From  Table  III  at  the  end  of  the  paper  may  be  seen  how  the  onset 
of  labor  increases  the  metabolism  through  the  restlessness  induced. 
Hence,  in  order  to  determine  the  effect  of  the  pregnancy  alone,  it  is 
necessary  to  select  a  day  before  the  restlessness  is  noticeable.  The 
third  day  previous  to  parturition  being  lower  than  the  fourth  day,  the 
presumption  is  that  the  dog  was  slightly  more  quiet  on  this  day,  although 
no  difference  was  observed.  The  increase  in  metabolism  over  that  of 
sexual  rest  attributable  to  the  pregnancy  alone  for  the  single  puppy  dog 
is  (551.3  -  505.3  =)  46  cal.,  or  164  cal.  per  kilogram  of  puppy  dog 
delivered  three  days  later. 

In  the  second  pregnancy  the  appearance  and  weight  of  the  dog  indi- 
cated a  larger  delivery  than  from  the  first  pregnancy,  and  the  possi- 
bility of  comparing  the  effect  of  a  multiple  pregnancy  with  that  of  a 
single  was  appreciated  in  time  to  reproduce  exactly  the  conditions 
under  which  the  first  experiments  were  carried  out.  In  making  up 
Table  II  the  corresponding  days  from  the  two  parturitions  were  selected. 
As  may  be  seen  from  Table  III,  the  third  day  previous  shows  in  this 
pregnancy  a  higher  energy  production  than  the  fourth,  as  we  should 
expect  if  the  dog  were  equally  quiet  on  the  two  days.  Since  nothing  was 
observed  to  the  contrary,  this  day  may  be  taken  as  properly  represent- 
ing the  same  intensity  of  metabolism  as  the  third  day  before  the  first 
parturition.  The  energy  production  attributable  to  this  pregnancy, 
therefore,  is  (763.8  -  505.3  — )  258.5  cal.  or  165  cal.  per  kilogram  of 
puppy  dog  delivered  three  days  later,*' 

**  This  figure  is  based  on  the  assumption  that  the  mother  dog's  weight  and  con- 
dition as  regards  fat  would  have  been  the  same  if  lactation  had  been  terminated  at 
the  same  time  as  after  the  first  pregnancy.  It  will  be  noted  that  the  weight  on  July 
15  was  almost  the  same  as  on  June  27  (14.0  —  0.380  (puppy)  =  13.71).  The  mother 
dog  alone  on  December  15  weighed  (16.14—  1.560  (puppies)  =)  1458  kg- 
Since  the  five  puppies  made  a  heavy  drain  on  the  mother  on  this  first  day  after  par- 
turition, 133  calories  having  been  taken  from  the  mother's  own  body,  it  is  probable 
that  If  the  lactation  had  been  terminated  at  the  end  of  a  week  and  a  maintenance 
diet  had  been  given  as  before,  the  weight  three  weeks  (nineteen  days,  to  be  accurate) 
after  the  second  parturition  would  have  been  nearly  what  it  was  three  weeks  after 
the  first. 
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The  extra  energy  production  of  the  pregnancy  at  or  near  its  cvimi- 
nation  therefore  is  proportion^  to  the  weight  of  the  offspring  to  be 
delivered  (46  cai. :  258.5  cal. :  :  380  gm. :  1560  gm.  nearly). 

It  is  interesting  to  observe  that  the  extra  metabolism  necessary  to 
maintflin  the  embryo  (and  all  accessory  structures  of  the  mother's  body) 
at  a  time  when  the  pregnancy  is  at  its  highest  phase  is  very  nearly  equal 
to  the  amount  which  the  new-born  of  the  same  weight  would  theoret- 
ically produce  (according  to  Rubner's  law  of  skin  area),  the  first  day 
after  delivery,  if  exposed  to  ordinary  room  temperature  and  if  resting. 
Taking  the  curve  which  Rubner  ^ves,  on  the  basis  of  Hensen's  figures, 
as  representing  the  rate  of  growth  of  the  guinea  pig  embryo  in  a  gesta- 
tion period  of  almost  the  same  length  as  that  of  the  dog  (sixty-seven 
instead  of  sixty-three  days),'*  we  may  calculate  that  the  single  puppy 
which  weighed  280  gm.  at  birth  would  have  weighed  240  gm.  three  days 
before  birth,  and  the  average  weight  of  the  five  puppies  (320  gm.  at 
birth)  would  have  been  380  gm.  three  days  before.  Using  Meeh's 
formula,  the  metabolism  of  the  single  puppy  at  240  gm.  would  be 
11.2  v'(24o)'  X  0.1050  =  45.4  cal.  and  of  the  average  puppy  of  the 
five  at  280  gm.  11,2  ■^(280)'  X  0.1050  =  50.33  cal.    Thus: 

Cal. 
Extra  metabolism  of  a  dog  pregnant  with  a  puppy  of  340  gm.  =    46.0 

Theoretical  meUbolism  of  a  puppy  of  340  gm.  at  rest  and 

at  room  temperature  =3    45-4 

Extra  metaboUsm  of  a  dog  pregnant  with  five  puppies 

weighing  (5  X  280)  1400  gm.  =  258.5 

Theoretical  metabolism  of  five  puppies  weighing  280  gm. 

each  at  rest  and  at  room  temperature  ■=  351.6 

If  this  law  ••  of  skin  area  is  applicable  to  the  embryo  and  the  new- 
bom,  as  Rubner  believes  it  is,  we  may  conclude  that  the  metabolism  of 
the  uterus,  mamm-e,  etc.,  would  almost  exactly  compensate  for  the 
difference  between  the  metabolism  of  the  new-born  at  room  tempera- 
tiue  and  the  metabolism  of  the  embryo  at  the  temperature  of  the  mother's 
body.    In  other  words,  the  curve  of  total  metabolism  of  mother  and 

••  RuBNEX:  Archiv  fiir  Hypene,  1908,  lxvi,p.  187. 

*  This  law  has  been  shown  t>j  Hosslin  to  be  ap[Jicable  to  the  energy  production 


Digitized  byGoOgIc 


152  /.  R.  Murlin. 

offspring  would  scarcely  suffer  any  interruption  at  the  birth,  if  it  were 
not  for  the  muscular  activity  of  mother  and  offspring. 

That  it  does,  in  fact,  suffer  a  very  considerable  rise  may  be  seen  from 
Table  II.  The"  mother  and  single  puppy  the  first  day  after  parturition 
show  a  metabolism  of  640.6  cal.,  an  increase  of  89.3  cal.  in  twenty- 
four  hours  (or  16  per  cent  over  that  of  the  highest  phase  of  pregnancy, 
and  135.3  *^*1'  (or  26  per  cent)  over  that  of  sexual  rest.  The  extra 
energy  produced  by  the  offspring  and  mother  in  enabling  the  former 
to  obtain  a  foothold  under  new  conditions  to  which  it  is  subjected  after 
birth  is,  therefore,  three  times  as  great  as  the  extra  metabolism  necessary 
to  maintain  the  embryo  in  utero.  In  the  case  of  the  multiple  pregnancy 
the  mother  and  five  puppies  produced  276.6  cal.  per  day  (or  36  pw 
cent)  more  than  the  third  day  before  parturition,  and  535.1  caL  (or 
over  100  per  cent !)  more  than  is  produced  by  the  mother  dog  alone  in 
sexual  rest.  This  shows  what  an  enormous  drain  the  mother's  own 
functions  are  subjected  to  in  order  to  provide  the  energy  merely  to 
maintain  life  in  her  own  tissues  and  those  of  her  offspring,  to  say  noth- 
ing of  the  material  necessary  for  growth.  The  extra  energy  produced 
by  both  offspring  and  mother  in  enabling  the  five  to  obtain  a  footboW 
under  the  new  conditions  are,  however,,  less  than  twice  as  great  as  the 
extra  metabolism  necessary  to  maintain  the  five  in  utero.  The  extra 
metabolism  of  mother  and  offspring  after  birth  is  not,  therefore,  pro- 
portional to  the  weight  of  offering  (135.3  •  535-1  =  1:4  nearly,  . 
while  280  :  J560  —  r  :  5.5). 

The  economy  of  the  larger  family  is  doubtless  due  to  the  fact  that  the 
five  puppies  helped  to  keep  each  other  warm. 

CONCLOSIOKS. 

1.  In  a  dog  pregnant  with  only  one  embryo  the  increase  in  the  total 
energy  production  due  to  pregnancy  was  not  evident  until  the  sixth 
week  of  gestation.  Between  the  sixth  and  eighth  weeks  an  increase  of 
9  per  cent  was  observed. 

2.  The  total  enei^y  production  due  to  pregnancy,  measured  by  the 
indirect  method  three  days  before  parturition  (in  two  different  pregnan- 
cies of  the  same  dog),  proved  to  be  proportional  to  the  weight  of  the 
offspring  at  birth. 
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3.  The  extra  energy  production  near  the  end  of  pregnancy  is  very 
nearly  equal  to  the  energy  requirement  of  the  new-bom,  when  calcu- 
lated according  to  Rubner's  law  of  skin  area. 

4.  The  extra  energy  production  of  mother  and  offspring  the  first  day 
after  parturition  is  from  two  (five  puppies)  to  three  (one  puppy)  times 
the  extra  energy  production  of  pregnancy  three  days  before  parturition. 
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THE  INFLUENCE  OF  INCREASE  OF  ALVEOLAR  TEN- 
SION OF  OXYGEN  ON  THE  RESPIRATORY  RATE 
AND  THE  VOLUME  OF  AIR  RESPIRED  WHILE 
BREATHING  A  CONFINED  VOLUME  OF  AIR. 

By  THEODORE  HOUGH. 
[From  the  Pkytiotogkal  Laboratory  of  the  Uiiivtrtily  of  Vtrgima,] 

^TT^HE  respective  rdles  of  oxygen  and  of  caxbon  diozid  as  regulators 
■'•  of  the  breathing  movements  have  been  the  subject  of  repeated 
investigation  since  the  publication  of  Rosenthal's  work  in  1862.  The 
conclusion  of  this  investigator '  that  the  stimulus  to  the  automatic 
action  of  the  respiratory  centre  is  the  oxygen  deficiency  of  the  blood 
flowing  through  the  centre  has  failed  of  confirmation  by  subsequent 
work.  On  the  contrary,  results  such  as  those  of  Zuntz '  have  shown 
that  whereas  the  percentage  of  oxygen  in  the  inspired  air  may  be  dim- 
inished by  one  half  the  normal  without  greatly  influencing  the  volume 
of  air  breathed,  the  presence  of  1  per  cent  of  carbon  dioxid  increases 
the  minute  volume  by  more  than  20  per  cent.  Finally,  the  investiga- 
tions of  Haldane  *  and  his  co-workers  have  brought  to  light  the  relation 
between  the  breathing  movements  and  the  alveolar  tension  of  carbon 
dioxid,  and  have  led  to  the  theory,  so  ably  supported  on  experimental 
grounds  by  Haldane,  that  carbon  dioxid  is  the  sole  stimulus  of  the 
automatic  action  of  the  respiratory  centre.  According  to  this  theory, 
deficiency  of  oxygen  influences  the  centre  only  through  the  consequent 
production  of  the  intermediate  acid  products  of  incomplete  oxidation. 
The  presence  of  these  in  the  tissues  or  blood  lowers  the  combining 
power  of  lymph  or  blood  for  the  carbon  dioxid  produced  by  the  cells 
and  hence  increases  the  tension  of  this  gas  in  the  respiratory  centre. 

'  Rosenthal:  in  Hermann's  Handbuch  der  Phyaiologie,  1881,  iv,  pp.  a6i  foU. 
'  Zuntz;  Archiv  fUr  Physiologie,  1897,  p.  379. 

'  Haldane  and  Priestley:  Journal  of  physiology,  1905,  xzxii,  p.  335. 
■56 
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During  the  past  year  I  have  been  engaged  in  experiments  of  various 
kinds  concerned  with  the  questions  thus  presented,  and  I  propose  to 
report  in  the  present  paper  a  series  which  shows  the  effect  of  increased 
oxygen  tensions  on  the  rate  of  the  respiratory  movements  and  minute 
volumes  of  air  breathed  in  the  dyspncea  produced  by  breathing  a  con- 
fined atmosphere. 

EXPERIUENTAL  PSOCEDUBE. 

The  essential  features  of  the  experimental  procedure  are  shown  in 
Fig.  I.  The  subject  of  the  experiment  breathes  a  closed  volume  (appix)xi- 
mately  30  litres)  of  air  through  a 
mouthpiece,  A ,  provided  with 
valves  H  and  C  (see  also  Fig.  2), 
for  separating  the  inspired  and 
expired  air.  The  glass  tubing  and 
thick-walled  rubber  tubing  connec- 
tions are  15  mm,  (f  inch)  inside 
diameter.  The  expired  air  passes 
from  the  expiratory  valve  into  the 
upper  portion  of  a  30-litre  glass 
botUe,  D,  while  the  tube  to  the  in< 
spiratory  valve  passes  off  from  the 
bottom  of  this  bottle.  On  the  way 
from  the  botde  to  the  mouthpiece  ^^^  1.  -  Di>gr>n.  of  the  e»e»ii.i  p.m 


of  the  apparatus.  A,  mouthpiece  with  lip 
and  teeth  Sanges;  B,  side  lube  for  taking 
specimen  of  alveolar  air;  C,  expiratory 
valve;  D,  ao-litre  bottle;  E,  side  tub« 
to  air  chamber,  F,  o(  the  aeroplethysmo- 
graph;  C,  the  water  teal;  H,  inspiratory 
valve;  K,  knife  edge;  L,  counlerpoiae; 
U,  writing  point. 


is  a  side  tube,  E,  to  the  air  chamber, 
F,  of  a  modified  Gad's  aeroplethys- 
mograph.*  This  air  chamber, 
which  thus  forms  part  of  the  closed 
volume  of  air  breathed,  is  sus- 
pended from  the  centre  beam  of  a 
truss  (to  secure  rigidity  of  the  lever) 
which  moves  on  the  knife  edge,  K.  The  same  centre  beam  carries  the 
adjustable  counterpoise,  L,  and  ends  in  the  writing  point,  M,  which 
records  on  the  kymograph  drum.*  Since  the  chamber  of  the  aeroplethys- 
mograph  is  the  only  movable  part  of  the  closed  air  space,  it  is  evident 

•  Gad:   Archiv  fUr  Physiologie,  1879,  p.  181.    See  also  Nacel:   Handbuch  der 
PhysiolDgie  des  Menschcn,  i,  p.  17. 


./Google 


158  Theodore  Hough. 

that  each  inspiration  will  be  recorded  as  an  upward  and  each  expira- 
tion as  a  downward  stroke  of  the  writing  point.  The  instrument  is 
easily  calibrated  by  closing  the  mouthpiece,  A,  and  running  into  D 
measured  volumes  of  water  from  a  pressure  bottle. 

The  Tftlvefl.  —  The    separation  of  the  expired  from  the  inspired  air 
is  secured  by  the  use  of  the  valve  shown  in  Fig.  2.    The  side  arms  of 
the  T-shaped   mouthpiece    are 
fastened  by  rubber  stoppers  into 
the  valve  chambers  B  and  D. 
Each  valve  chamber  is  provided 
with  a  circular  membrane  valve 
made  of  fairly  thick  sheet  rub- 
ber, pinned  above  into  the  pro- 
jecting rim  of  the  rubber  stopper, 
Figure   2. -The   valves   for   separating    in-    ^^ich  thus   se^^'es  as   the   vah-e 
spired  and  cipired  air.    .4,  inspiratory  water  r.      i  i 

valve;  B.  mspiratory  membrane  valve;  c,    seat.   Such  membrane  valves  are 

tube  from  mouthpiece;  D,  expiratory  mem-  perfectly  efficient  CXCept  in  CaSeS 
brane  valve;  £.  expiratory  water  valve;  f  and  gf  glight  prCSSUre  differenceS- 
C,  lubes  for  renewing  and  adjusting  level  of    _,  ,       .,  ,,        n.-n      , 

«..«.,.,  In  ««i^r  V.IV...  w  tirfl  ar™  nn  mpm-  ^o  cafc  foF  thcsc  iHe  MuUer's 
water  valves,  A  and  E,  are  placed 
beyond  the  membrane  valves,  the 
inlet  tube  of  each  valve  dipping  down  not  more  than  i  mm.  below  the 
surface  of  the  water.  In  addition  to  caring  for  slight  differences  of 
pressure,  these  water  valves  are  useful  to  indicate  the  least  incompe- 
tency of  the  membrane  valves,  as  the  water  in  them  should  never  rise 
more  than  a  or  3  mm.  when  the  membrane  valve  is  working  properly. 
The  side  tube  M,  closed  by  a  rubber  stopper,  is  to  receive  the  water 
condensed  from  the  expired  air,  and  also  to  facilitate  cleaning  the  valve. 
The  water  valve  is  provided  with  the  tubes  F  and  G  by  which  the  water 
may  be  renewed  without  disturbing  the  stopper  and  also  for  the  accu- 
rate adjustment  of  the  level  of  the  water.  The  side  arm  may  also  be 
used  in  the  inspiratory  membrane  valve,  B,  and  the  arrangement  for 
renewing  and  adjusting  the  level  of  water  may  be  used  in  the  inspiratory 
water  valve,  A ;  but  they  are  not  so  necessar)-  here,  since  water  does 
not  condense  in  these  valves. 

Details  of  conatractian  of  tb«  aeroplethysmopapb.  —  The  air  chamber 
is  made  of  the  thinnest  lin  plate  and  is  30  cm.  in  diameter  and  aa  cm. 
high  to  the  base  of  the  conical  top  (Fig.  i).    It  is  attached  to  the  centre 
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beam  of  the  truss  by  a  light  adjustable  clamp  in  which  it  swings  freely. 
The  centre  beam  of  the  truss  is  made  of  5  mm.  (W  inch)  steel  rod,  the 
upright  beam  is  of  8  mm..(i^  inch)  brass  tubing,  and  the  other  four 
beams  are  of  3  mm.  (^  inch)  brass  rod.  The  length  of  the  centre  beam 
is  70  cm.,  and  the  length  of  the  upright  beam  30  cm.  The  air  chamber 
is  closed  below  by  a  water  seal,  and  the  whole  —  truss  and  chamber  — 
can  be  lifted  off  the  knife  edges  when  not  in  use. 

XiTorB  of  bictloii,  iii«rtia,  uid  boojuur  In  th«  swoplatbTsmograpb.  — 
As  to  the  possible  sources  of  error  in  the  recording  instrument,  the  fric- 
tion at  the  knife  edges  is  negligible;  that  of  the  chamber  as  it  rises  and 
anks  in  the  water,  while  greater,  is  still  slight.  It  may  be  consider- 
ably reduced  by  painting  the  immersed  parts  with  a  very  thin  coat  of 
paraffin. 

The  inertia  of  the  system  for  respiratory  rates  not  exceeding  twenty- 
five  deep  respirations- per  minute  is  also  negligible.  This  has  been  tested 
by  suddenly  stopping  off  the  tube  leading  to  the  air  chamber  while  the 
lever  is  moving  with  the  maximum  speed  attained  in  our  experiments. 
In  all  cases  the  lever  stopped  almost  instantly,  the  error  introduced 
into  the  measurement  not  exceeding  10-20  c.c.  Such  speeds  of  the 
writing  lever  occur  only  in  very  rapid  respirations  of  over  1500  c.c.  in 
volume.  Hence  the  greatest  possible  inertia  error  can  hardly  exceed 
I  per  cent.  With  respirations  of  ordinary  rate  and  depth  (6c»  to  1000 
c.c.)  the  error  is  far  less.  Moreover,  even  in  very  deep  and  rapid  breath- 
ing, there  is  usually  a  marked  diminution  of  speed  at  the  end  of  both 
inspiration  and  expiration,  and  this  alone  virtually  does  away  with 
the  inertia  error,  so  far  as  measurements  of  each  respiratory  volume 
are  concerned. 

Finally,  there  is  the  theoretical  error  from  the  change  in  the  buoyancy 
of  the  water  as  the  air  chamber  rises  and  sinks.  That  this  is  very  slight, 
indeed  entirely  negligible,  is  shown  by  the  results  of  calibration  of  the 
ins'.rument,  the  rise  {27  mm.)  of  the  writing  point  caused  by  a  litre, 
change  of  volume  varying  by  less  than  a  quarter  of  a  millimetre  for  the 
high?st  and  lowest  positions  of  the  air  chamber. 

8oiiTc«a  of  «TT(ir  in  lb«  matbod  ai  a  whole.  —  Three  sources  of  error 
are  inherent  in  the  method.  The  first  is  due  to  the  rise  of  the  tempera- 
lure  of  the  confined  air.  The  magnitude  of  this  error  will  obviously 
vary  with  the  external  atmospheric  conditions,  i.  c,  with  the  rate  of 
heat  loss  from  the  contained  air.    As  a  matter  of  fact  I   have  never 
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seen  a  change  of  more  than  2°  C.  in  the  temperature  of  the  air  in  the 
large  bottle  (D,  Fig.  i),  and  this  maximum  change  is  always  reached 
in  three  or  four  minutes.  This  would  le^d  to  a  depression  of  the 
writing  point  of  about  6  mm,  {=-  220  cc).  The  ordinary  volume  of  air 
respired  in  three  minutes  is  about  27,000  cc.  Hence  for  this  period  of 
expansion  there  could  not  be  introduced  more  than  the  maximum  error 
of  +1.1  per  cent  for  the  volume  measurements.  Ordinarily  the  rise 
of  temperature  is  much  less  than  a  degree,  and  it  may  be  safely  asserted 
that  the  error  from  this  source  seldom  exceeds  a  fraction  of  i  per  cent 
and  that  it  is  always  confined  to  the  first  few  minutes  of  the  experiment. 
The  amount  of  this  error  is,  moreover,  observed  to  be  independent  of 
the  presence  of  ordinary  air  or  of  air  containing  excess  of  oxygen  in  the 
system, 

The  second  source  of  error  is  due  to  the  elasticity  of  the  air  used  as 
a  medium  of  transmission  to  the  recording  instrument.  The  error 
caimot  be  entirely  eliminated ;  it  can  only  be  kept  down  to  the  minimal 
amoimt  by  the  use  of  sufficiently  large  tubes.  In  our  experiments  the 
conducting  tubing  was  15  mm.  (f  inch),  inside  diameter,  a  size  which 
offers  very  little  resistance.  Moreover,  the  slowing  at  the  end  of  each 
inspiration  and  expiration  already  referred  to  in  discussing  the  inertia 
error  of  the  recording  apparatus  would  act  here  also  to  eliminate  the 
error  from  the  elasticity  of  the  air,  so  far  as  volume  measurements  of 
each  inspiration  are  concerned,  and  it  is  only  with  these  that  we  are 
concerned  in  the  present  paper. 

A  third  source  of  error  renders  the  tracing  somewhat  inaccurate  as 
a  record  of  the  exact  volume  change  of  the  thorax,  although  it  does  not 
affect  the  determinations  of  minute  volumes  or  rates.  It  arises  from  the 
fact  that,  the  respiratory  quotient  being  usually  less  than  unity,  the 
carbon  dioxid  returned  to  the  system  does  not  replace,  volume  for 
volume,  the  oxgyen  removed.  The  expiratory  tracing  would  thus  not 
return  to  the  starting-point  when  the  thorax  had  exacdy  returned  to 
the  position  it  had  at  the  beginning  of  inspiration.  In  other  words, 
there  would  be  a  rise  of  the  line  representing  the  initial  expiratoiy  size 
of  the  thorax.  It  is  clear,  however,  that  this  influences  only  the  accu- 
racy of  the  expiratory  tracing,  while  our  measurements  of  volume  are 
made  on  the  inspiratory  tracing. 

I  am  inclined  to  think  that  the  most  accurate  records  of  respiratory 
volume  would  be  obtained  by  a  combination  of  the  aeroplethysmo- 
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graph  above  described  with  the  method  of  the  pneumatic  cabinet.* 
The  .tube  passing  to  the  air  chamber  of  the  recording  apparatus  could 
be  chosen  large  enough  to  offer  no  resistance  to  the  air,  and  the  error 
due  to  changes  of  temperature  within  the  cabinet  readily  obviated  by 
having  the  interior  of  the  chamber  connected  with  the  exterior  through 
a  very  fine  capillary  tube.  I  am  planning  such  an  instrument  for  other 
work;  but  for  many  experiments,  such  as  those  described  in  this  paper, 
the  greater  trouble  involved  in  the  use  of  such  a  method  is  not  repaid 
by  the  very  slight  increase  in  accuracy  attained. 

The  mouthpiocs.  —  A  very  important  part  of  all  such  apparatus  is 
a  mouthpiece  which  can  be  kept  fitted  air-tight  in  the  mouth.  That 
used  in  these  experiments  consists  of  a  hard  rubber  lube  with  a  flange 
which  can  be  pressed  back  against  the  lips.  It  gave  litde  trouble,  but 
at  times  leakage  of  air  could  not  be  prevented,  especially  in  those  un- 
trained to  the  instrument.  Since  these  experiments  were  completed, 
the  mouthpiece  has  brtn  made  practically  perfect.  The  tube  of  the 
mouthpiece  is  drawn  through  a  small  hole  in  the  centre  of  a  piece  of 
flexible  sheet  rubber,  and  the  latter  is  tied  firmly  around  the  tube  about 
5  mm.  from  the  flange.  The  tube  is  placed  in  the  mouth  so  that  the 
sheet  rubber  is  between  the  lips  and  -teeth.  With  this  mouthpiece 
leakage  is  virtually  impossible. 

Results. 

The  experimental  results  given  in  this  paper  are  all  from  the  same 
subject  of  experiment.  I  am  at  present  engaged,  with  the  assistance  of 
two  of  my  students,  in  a  study  of  the  variation  in  respiratory  response 
to  dyspnoeic  conditions  identical  with  those  of  the  present  series.  The 
results  of  these  investigations  will  be  published  shortly,  but  their  pub- 
lication may  be  anticipated  by  saying  that  while  there  are  very  interest- 
ing variations  in  the  individual  response  to  dyspnoeic  conditions,  for 
each  individual  the  curves  of  minute  volumes  of  air  breathed  under  the 
experimental  conditions  above  described  are  remarkably  uniform,  and 
this  is  true  despite  considerable  variations  in  rate.  So  constant  is  this 
curve  that  any  constant  change  in  it  produced  by  changing  a  given 
condition  of  the  experiment  is  significant.    I  could  wish  that  the  time 

*  Schekck:  Ticerstedt's  Handbuch  der  physiologiscben  Methodik,  ii,  3,  p. 
3$;  also  Nagel:  Handbuch  der  Physiologie,  I. 
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required  for  such  work  did  not  at  present  prohibit  repeating  the  ex- 
periments with  other  subjects;  but  the  fact  that  they  cannot  be  so  re- 
peated is  my  justification  for  publishing  the  perfectly  clean-cut  results 
which  I  have  obtained  on  myself. 

The  tracing  reproduced  in  Fig.  3  is  typical  of  the  experiments  where 
the  subject  (T.  H.)  breathes  a  closed  volume  (about  30  litres)  of  atmos- 


FiGUKE  3. — One  third  Ihe  oiiginsl  size.    Typical  Beropleihysraognphic  tracing  from 
tlie  subject  o(  these  experiments.    Time  record  in  halt  minutes. 

pheric  air  or  of  air  with  an  increased  percentage  of  oxygen.  It  shows 
an  increase,  at  first  gradual  and  then  more  rapid,  in  the  depth  of  the 
breathing  movements  without  any  increase  in  rate  until  about  the  end 
of  the  eighth  minute,  when  the  rate  suddenly  changes.  Let  me  repeat 
that  this  type  of  tracing  is  by  no  means  characteristic  of  all  subjects 
of  experiment,  although  it  has  been  observed  in  others.  Some  men 
give  a  gradual  increase  in  rate  from  the  first,  and  when  this  is  the  case 
the  depth  may  gradually  increase,  or  remain  constant,  or  even  decrease. 
As  stated  above,  these  variations  will  form  the  subject  of  a  later  paper. 

The  record  was  always  started  on  the  beginning  of  the  minute,  the 
point  of  the  time  pen  having  been  adjusted  to  coincide  with  the  line 
traced  by  the  aeroplethysmograph  with  the  drum  at  rest.  The  latter 
line  was  always  obtained  at  the  outset  for  the  entire  length  of  the  lever 
stroke,  and  so  furnished  the  dividing  lines  between  minutes  on  the 
tracing.  The  tracing  having  been  thus  divided  into  its  separate  minutes, 
the  length  of  each  inspiratory  stroke  was  measured  with  the  calibration 
scale.  When  the  minute  line  divided  a  whole  respiration  between  two 
minutes,  the  fraction  belonging  to  each  minute  was  estimated  (usually 
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with  the  aid  of  a  hand  lens)  and  the  total  inspiratory  volume  accord- 
ingly divided  between  the  two  minutes.  By  this  means  also  the  rate 
per  minute  can  be  given  in  tenths  instead  of  entire  respiratory  move- 
ments. Attention  to  these  ample  precautions  of  measurement  greatly 
contributes  to  the  regularity  of  the  curves  obtained. 

The  influence  of  increased  percentage  of  oxygen  in  the  air  breathed 
upon  the  minute  volume  and  the  rate  in  successive  minutes  are  shown 
in  Tables  I  and  II.  Six  experiments  with  air  and  six  with  excess  of 
oxygen  {60  to  80  per  cent)  are  given.  These  were  chosen  at  random 
for  counting  out  from  a  larger  number  of  experiments.  The  oxygen 
was  obtained  from  an  "Oxodium"  generator,  being  formed  by  the 
action  of  water  on  sodium  pcroxid.* 

These  results  show  that  when  the  respired  air  contains  a  large  ex- 
cess {60  to  80  per  cent)  of  oxygen,  both  the  minute  volumes  of  air  re- 
spired and  the  rate  show  a  distinct  reduction.  Moreover,  on  comparing 
the  percentage  reductions  of  minute  volume  and  of  rate  (Table  III), 
we  find  that  the  reduction  in  volume,  is  relatively  greater  than  that  of 
rate,  thus  showing  that  not  only  the  rate  but  also  the  depth  of  each 
respiration  is  reduced. 

In  addition  to  this  main  result  two  other  facts  may  be  recorded.  It 
will  be  remembered  that  in  the  subject  of  these  experiments  there  is 
a  remarkably  sudden  increase  of  rate  after  eight  or  more  minutes  of 
exposure  to  the  dyspnoeic  conditions  of  these  experiments.  With  excess 
of  oxygen,  this  change  occurred  from  one  to  three  minutes  later  than 
with  air.  I  have  also  collected  and  analyzed  samples  of  the  alveolar 
air,  by  the  Haldane  method,  at  the  time  of  this  change  of  rate,  and  &nd 
that  the  percent^e  of  carbon  dioxid  at  the  change  of  rate  is  distinctly 
higher  in  the  experiments  with  oxygen  than  in  those  with  ajr.  [ 


DisCDssroN  OF  Results. 

The  results  of  these  experiments  show  an  immistakable  influence  of 
increased  alveolar  oxygen  tension  on  the  work  of  the  respiratory  centre, 
not  only  imder  the  more  pronoimced  dyspnceic  conditions  of  the  eighth 
and  following  minutes  of  our  experiments,  but,  what  to  the  nTiter  is 
even  more  striking,  during  the  very  first  minute.    It  is  not  my  purpose 

*  Fullj  described  by  Benedict:  This  journal,  1909,  xzir,  p.  361. 
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to  discuss  at  any  length  the  theoretical  bearing  of  this  fact.  Previous  to 
my  personal  investigation  of  the  subject,  I  had  supposed  that,  since  the 
usual  oxygen  supply  of  the  blood  is  much  more  than  sufficient  to  meet 
the  respiratory  demands  of  the  tissues,  excess  of  oxygen  over  the  normal 
would  not  influence  the  tissues,  so  long  as  this  excess  does  not  reach  the 
proportions  which  Paul  Bert  showed  to  have  toxic  effects.  It  is  clear 
enough  that  breathing  an  atmosphere  containing  60  to  80  per  cent  of 


Minute. 

Rate. 

Minute 
volumes. 

Minute. 

Rate. 

Minute 

6.9 
S.S 
S.9 
11.9 
17.0 
29.0 

12.S 
12.9 
11.7 
17.2 
19.0 
20.0 

7 
8 
9 
10 

ii 

29.7 
23.7 
25.2 
37.0 
35.0 

32.6 
32J 
34.0 
37.0 
34.0 

oxygen  can  only  slightly  increase  the  total  quantity  of  oxygen  in  the 
blood,  since  it  can  only  treble  or  quadruple  the  small  fraction  dissolved 
in  the  plasma.  In  other  words,  the  oxygen  content  of  100  c.c.  of  arterial 
blood  may  have  been  raised  in  our  experiments  from  19.393  "^-c-  of 
oxygen  to  20.179  c.c.  or  20.582  c.c.  Yet  our  figures  show  that  this  small 
increase  reduces  the  minute  volume  of  air  breathed  in  the  first  minute 
from  8.74  to  7.7s  litres.  We  can  hardly  doubt  that  this  effect  is  due  to 
the  increased  oxygen  tension  of  the  plasma. 

As  stated  in  the  introduction  to  this  paper,  every  increase  of  our 
knowledge  of  the  relation  of  the  gases  of  the  blood  to  the  automatic 
action  of  the  respiratory  centre  increases  the  importance  of  the  carbon 
dioxid  as  the  exciting  cause  of  its  activity.  Of  the  correctness  of  this 
view  personally  I  have  no  doubt,  not  only  from  my  reading  of  the  litera- 
ture but  from  my  own  (unpubb'shed)  experiments.  The  only  question 
is  whether  carbon  dioxid  is,  as  Haldane  believes,  the  sole  exdting  cause. 
It  is  easy  on  Haldane's  theory  to  explain  the  results  given  above. 
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.  We  can  imagine  that  the  arterial  blood,  arriving  at  the  centre  with  three 
or  four  times  its  nonnal  tension  of  oxygen  in  the  plasma,  would  at  once, 
on  reaching  the  capillaries,  begin  to  discharge  its  oxygen  very  rapidly 
into  the  tissues,  without  waiting  for  the  longer  process  in\o'.ved  in  the 
dissociation  of  its  oxyhaemoglobin ;  and  that  this  dissociation  of  the  oxy- 
hiemoglobin  becomes  more  effective  and  important  as  the  blood  passes 
along  the  capillaries,  where  its  tension  of  carbon  dioxld  and  perhaps 
its  temperature '  is  increased.  It  is  thus  possible  that  the  increase  of 
oxygen  tension  in  the  blood  may  result  in  a  considerable  increase  of 
oxygen  tension  in  the  lymph,  a  far  more  effective  supply  of  oxygen  to 
the  tissues,  and  hence  to  the  preiduciion  of  considerably  less  of  inter- 
mediate acids.  Under  these  circumstances  the  carbon  dioxid  pro- 
duced by  the  cells  would  be  more  rapidly  combined  with  the  bases  of 
the  lymph  and  so  the  tension  of  this  gas  in  the  tissues  materially  les- 
sened. I  know  of  no  facts  which  are  inconsistent  with  this  explanation, 
and  it  seems  to  me  to  be  at  present  the  best  working  hypothesis;  but, 
like  all  working  hypotheses,  it  requires  confirmation  by  further  tests. 

The  chief  interest  of  these  results  to  me  lies  in  the  indication  they 
afford  of  the  influence  of  breathing  air  rich  in  oxygen  on  the  physiolog- 
ical condition  of  the  tissues,  for  it  seems  fair  to  regard  the  behavior  of 
the  respiratory  centre  as  indicative  of  the  conditions  which  must  obtain 
under  the  conditions  of  our  experiments  in  every  capillary  region  of  the 
body.  In  other  words,  the  significance  of  the  increased  oxygen  content 
of  the  blood  when  one  is  breathing  pure  oxygen  lies,  not  in  the  gross 
increase,  but  in  the  increased  oxygen  tension  which  it  carries  with  it. 
What  we  may  term  the  attack  of  oxygen  on  the  tissues  is  thereby  ren- 
dered much  more  immediate  and  effective. 

There  is  also  in  our  results  the  obvious  suggestion  that  the  amount 
of  oxidation  in  the  body  is  not  determined,  even  under  ordinary  con- 
ditions, by  what  is  usually  termed  the  "  need  "  of  the  tissues  for  oxygen, 
but  that  the  pressure  of  oxygen  in  the  tissues  is  also  an  important  factor 
in  the  result.  It  may  well  be  that  the  influence  of  oxygen  we  have  ob- 
served in  our  experiments  is  the  same  action  which,  when  taking  place 
imder  three  or  more  atmospheres'  pressure  of  the  gas,  produces  toxic 
effects.  I  know  of  no  experiments  sufficiently  controlled  to  give  defi- 
nite information  as  to  the  influence  of  increasing  the  oxygen  tension  of 

'  fiAKOton  uid  King:  Journal  of  physology,  1909,  zxxix,  p.  374. 
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the  blood  on  the  oxidations  of  the  body;  and  in  the  absence  of  these  it 
would  be  unprofitable  to  do  more  at  this  time  than  to  question  the 
soundness  of  the  usual  view  that  the  consumption  of  oxygen  by  the 
cell  is  determined  entirely  by  the  cell  and  is  independent  of  the  quan- 
tity of  oxygen  provided  by  the  blood. 


SUUUAKY. 

1.  A  method  is  described  of  obtaining  very  accurate  records  of  the 
rate  and  depth  of  the  breathing  movements. 

2.  When  one  breathes  a  confined  atmosphere  of  about  30  Utres  in 
volume  and  containing  an  initial  percentage  of  from  60  to  80  per  cent 
of  oxygen,  the  respiratory  rate  and  minute  volumes  of  air  breathed  are 
distinctly  lower  than  when  the  initial  atmosphere  is  ordinary  air;  and 
this  effect  is  shown,  not  only  in  the  later  periods  of  distinctly  labored 
breathing,  but  from  the  very  first. 

3.  Increase  of  oxygen  in  the  air  breathed  distinctly  modifies  the 
respiratory  condition  of  the  tissues,  if  we  can  take  the  behavior  of  the 
respiratory  centre  as  an  indication  of  this  condition. 


Digitized  byGoOgIC 


THE  RELATION  OF  PTYALIN  CONCENTRATION  TO 
THE  DIET  AND  TO  THE  RATE  OF  SECRETION  OF 
THE  SALIVA. 

By  a.  J.   CARLSON  and  A.   L.  CRITTENDEN. 
[From  tkt  Hull  Phyiielagical  Laboratory  of  Ihe  UiUveriUy  of  Chicago.] 

I.  The  RELAnoN  o?  Ptyalin  Concentration  ro  the  Diet. 
A.  In  Hu. 
nr^HE  ptyalin  concentration  in  the  various  salivas  was  tested  by  the 
■*■  starch  method.  There  was  mixed  with  i/io  or  2/10  c.c.  of  saliva 
25  c.c.  of  I  per  cent  boiled  starch,  and  the  rate  of  clearing  of  the  starch 
solution,  the  rate  of  disappearance  of  the  blue  starch  color  on  addition 
of  iodine,  and  the  rate  of  disappearance  of  the  erythrodextrin-  deter- 
mined. In  this  way  we  have  three  checks  on  the  relative  rate  of  diges- 
tion of  the  different  saliva  samples,  and  when  all  three  correspond  we 
are  pretty  certain  to  have  an  actual  difference  in  ptyalin  concentration. 
The  advantages  of  this  method  are  its  ^mplicity  and  its  relatively  quick 
application. 

At  the  New  York  meeting  of  the  American  Physiological  Society  in 
December,  1906,  Nielson '  reported  that  forced  diet  of  carbohydrates 
or  sugar  in  man,  even  for  a  period  of  three  or  four  days,  greatly  in- 
creases the  ptyalin  concentration  in  the  mixed  saliva.  The  same  author 
had  previously  reported  similar  observations  on  the  dog.*  Nielsen's 
results  on  the  dog  have  not  only  not  been  confirmed  by  other  observers 
(Mendel  and  Underbill,*  Carrey,*  Carlson  and  Ryan*),  but  it  has  been 
'  NiExsoN  and  Lewis:  Jounul  of  biological  chemistry,  1908,  iv,  p.  501; 
Nielson  aod  Scheele,  Ibid.,  v,  p.  331. 

*  Nielson  and  Tebbv:  This  journal,  1906,  iv,  p.  406- 

*  Mendel  and  Undeshill:    Journal  of  biological  chemistry,  1907,  iii,  p.  135. 

*  GabxeY:  Proceedings  of  the  American  Society  of  Biological  Chemists,  1907, 
i,  p.  49- 

'  Cabison  and  Ryan;  This  journal,  1908,  xxii,  p,  i;  Caklson  and  Lticx- 
BABDt:  This  journal,  190S,  zxiii,  p.  14S. 
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shown  that  the  saliva  of  dog  and  cat  contains  no  ptyalin,  but  only  trans 
of  the  blood  and  lymph  diastases  that  apparently  get  into  the  saliva 
along  with  other  constituents  of  the  body  fluids. 

1.  In  the  fall  of  1908  the  diastatic  power  of  the  parotid  saliva  of 
three  individuals  (A,  J.  C,  C.  B.,  A.  L.  C),  designated  for  convenience 
A,  B,  and  C,  was  compared  daily  for  a  period  of  ten  days.  The  saliva 
of  A  was  uniformly  slightly  stronger  than  that  of  C  and  considerably 
stronger  than  that  of  B.  At  the  end  of  the  ten-day  period  B  and  C 
were  put  on  an  exclusively  vegetarian  diet  for  ten  days,  that  is,  meat 
was  excluded  and  carbohydrates  greatly  increased,  while  A  continued 
on  the  ordinary  mixed  diet.  The  diastatic  power  of  the  parotid  saliva 
was  tested  daily  in  the  three  individuals,  and  at  no  time  was  there  an 
increase  in  ptyalin  in  the  saliva  of  B  and  C  as  checked  against  A.  The 
salivas  in  these  experiments  were  collected  by  the  insertion  of  a  glass 
cannula  into  the  opening  of  Stenson's  duct  and  a  weak  acetic  acid*  in 
the  mouth  was  used  as  a  stimulus.  T^he  acid  used  throughout  the  ei- 
periment  was  of  the  same  strength,  and  the  time  of  collection  of  saliva 
in  the  three  individuals  was  the  same  with  reference  to  time  of  day  and 
length  nf  time  after  meals. 

2.  It  occurred  to  us  that  if  no  difference  in  ptyalin  concentration  can 
be  produced  by  diet  alterations  over  a  period  of  ten  days,  possibly  pro- 
longed vegetarianism  might  reveal  such  differences.  Consequently  the 
diastatic  power  of  the  parotid  saliva  of  a  man  who  for  four  years  had 
been  a  consistent  vegetarian  was  checked  for  seven  days  against  that 
ol  A  and  C.  It  showed  uniformly  less  concentration  than  that  of  A  and 
practically  the  same  as  that  of  C.  The  subject  was  middle-aged  and 
in  good  physical  condition, 

3.  The  parotid  and  mixed  saliva  of  a  boy  of  fourteen  who  might  be 
termed  a  "congenital  vegetarian,"  having  practically  never  eaten  meat, 
was  checked  against  the  corresponding  salivas  ol  A  and  C.  The  parents 
of  this  boy  report  that  from  early  childhood  the  boy  had  refused  meat 
or  meat  products  in  food,  and  that  his  food  consists  mainly  of  vegetables, 
cereals,  bread  and  milk.  These  tests  were  continued  daily  for  six  days. 
The  diastatic  power  of  the  boy's  saliva  was  uniformly  less  than  A  and 
about  the  same  as  C.  The  boy  was  in  every  respect  normal  and  in  good 
physical  condition. 

Thus,  contrary  to  Nielson's  results,  there  is  no  evidence  that  the 
ptyalin  concentration  in  the  parotid  or  the  mixed  saliva  is  appreciably 
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increased  in  man,  even  after  years  in  which  meats  are  excluded  and 
carbohydrates  greatly  increased. 

B.  Tb*  r«Utian  ol  ptyaUa  concsntrfttton  to  dist  in  othar  uinuli. — 
It  is  conceivable  that  while  shorter  periods  of  meal  exclusion  and  car- 
bohydrate increase  in  the  diet  of  man  may  not  efEect  an  increase  in  the 
ptyalin,  generations  of  vegetarianism  might  be  effective.  This  could 
be  tested  on  the  saliva  of  orthodox  Hindoos  who  abstain  from  meat, 
and  possibly  on  Chinese  coolies  who  in  their  native  country  subsist 
mainly  on  rice ;  but  we  were  not  able  to  secure  any  of  this  material. 
It  is  obvious,  however,  that  the  experiment  has  been  carried  out  in 
nature  on  a  large  scale  in  the  case  of  the  lower  mammals. 

1.  Carnivora.  —  It  has  previously  been  shown  that  dog  and  cat 
saliva  contains  no  ptyalin,  and  that  the  slight  diastatic  power  of  the 
saliva  of  these  animals  is  due  to  the  admixture  of  blood  and  lymph 
diastases.  To  this  list  of  carnivora  can  now  be  added  the  fox.  We  col- 
lected pure  parotid  saliva  in  five  foxes.  This  can  easily  be  done  in  the 
fox  by  insertion  of  a  cannula  in  the  opening  of  Stenson's  duct,  or  by 
holding  a  suitable  spoon  below  the  opening  of  the  duct  and  stimulating 
the  nerve  endings  in  the  mouth  with  weak  acetic  acid  or  sand.  The 
results  of  the  test  on  the  fox  are  the  same  as  in  the  case  of  the  dog  and 
the  cat.  The  fox  parotid  exhibits  a  weak  diastatic  action,  but  very 
much  weaker  than  the  blood  or  the  lymph  of  the  same  animal. 

2.  Herbivora.  —  If  there  is  any  adaptation  of  ptyaUn  to  the  nature 
of  the  food,  this  ought  to  be  revealed  in  the  monkeys,  whose  food  for 
ages  probably  has  contained  little  if  any  meat.  We  tested  the  diastatic 
power  of  the  parotid  and  the  mixed  saliva  in  seven  monkeys  of  different 
species  and  of  different  ages.  All  were  in  good  condition.  Our  results 
^owed  conclusively  that  the  ptyalin  concentration  of  the  saliva  of 
monkeys,  so  far  from  being  greater,  is  the  same  or  even  less  than  in 
man. 

It  is  well  known  that  the  parotid  saliva  of  the  rabbit  is  relatively  rich 
in  ptyalin,  and  our  comparative  measurements  show  that  the  concen- 
tration is  the  same  or  slightly  greater  than  in  the  human  parotid  saliva. 

In  igoS  one  of  the  authors,  working  together  with  Dr.  Woelfel,  had 
occasion  to  test  the  diastatic  power  of  the  pure  parotid  saliva  in  a  goat ; 
he  was  surprised  to  find  that  it  exhibited  practically  no  solvent  action 
on  boiled  starch.  That  particular  goat,  however,  was  in  poor  condition 
at  the  time  the  saliva  was  collected.    We  have  now  tested  the  saliva  of 


..Google 


172  A.  I.  Carbon  and  A.  L.  Crittenden, 

five  other  goats  of  different  ages  and  all  in  good  physical  condition,  and 
obtained  similar  negative  results.  In  one  of  the  goats  a  temporary 
fistula  had  been  established  in  one  of  Stenson's  ducts  and  the  sali\~a 
collected  while  the  animal  was  normally  eating ;  in  the  other  four  animals 
the  mixed  saliva  from  the  mouth  was  used  for  the  tests.  When  i  c.c 
of  the  goat  saliva,  parotid  or  mixed,  is  added  to  25  c.c.  of  starch  (i  per 
cent)  and  the  mixture  placed  in  a  thermostat  at  38°,  there  is  no  appre- 
ciable clearing  of  the  starch  solution  in  twenty-four  hours. 

In  connection  with  other  work  one  of  the  authors  together  with  Drs. 
Becht  and  Greer  had  occasion  to  collect  pure  parotid  saliva  from  two 
horses,  secreted  after  pilocarpin  injection.  The  diastatic  power  of  these 
salivas  was  tested,  incidentally,  with  negative  results.  These  horses 
were,  however,  old  and  not  in  good  physical  condition,  and  it  occurred 
to  us  that  the  absence  of  ptyalin  might  be  due  to  the  poor  condition  of 
the  animal,  to  age,  or  to  the  secretion  of  the  fennent  in  an  inactive 
form,  the  activation  taking  place  in  the  mouth.  For  that  reason  we 
collected  the  mixed  saliva  from  the  mouth  of  twelve  horses,  all  of 
which  were  in  the  best  physical  condition,  but  the  tests  of  the  saliva 
from  this  group  of  horses  also  were  negative.  One  cubic  centimetre 
of  the  saliva  added  to  25  c.c.  of  boiled  starch  (i  per  cent)  and  kept  at 
38°  C.  exerted  practically  no  solvent  action  in  twenty-four  hours. 

It  would  therefore  seem  that  ptyalin  is  absent  in  the  saliva  of  many 
and  probably  all  of  the  camivora.  And  in  the  herbivora  it  may  either 
be  absent  or  present.  The  absence  of  the  ptyalin  in  the'  camivora  and 
its  presence  in  the  rodents  and  primates  may  suggest  adaptation  to  the 
diet,  but  the  absence  of  ptyalin  in  some  of  the  herbivora  nullifies  such 
a  conclusion.  Moreover,  the  ptyalin  concentration  of  the  saliva  in 
monkeys  is  not  greater  than  that  in  man,  while  the  diet  of  monkeys  is 
certainly  more  strictly  vegetarian,  on  the  whole  than  that  of  man. 

The  significance  of  the  presence  or  absence  of  ptyalin  in  the  saliva 
in  the  different  groups  of  mammals  presents  some  interesting  biological 
problems.  The  fact  that  ptyalin  acts  very  slowly  on  raw  starch  would 
seem  to  make  the  ferment  of  Utile  digestive  value  in  all  mammalian  . 
groups  with  the  exception  of  man,  yet  it  is  present  in  the  monkeys  and 
the  rodents.  It  is  conceivable  that  in  the  ruminants  the  ptyalin  may 
be  secreted  in  an  inactive  form  and  activated  in  the  stomach,  but  we 
have  not  had  the  chance  to  test  this  possibility.  In  horses  and  goats 
there  is  certainly  no  activation  in  the  mouth.    And  in  non-ruminating 
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herbivora  activatioD  of  ptyalin  in  the  stomach  would  have  no  phys- 
iological significance  because  of  the  rapid  destruction  of  the  ptyalin 
by  the  hydrochloric  acid.  We  do  not  wish  to  be  understood  as  holding 
that  the  ptyalin-producing  processes  are  accidental  or  have  been  evolved 
without  any  relation  to  the  nature  of  the  food ;  we  must  have  data  from 
all  the  mammalian  groups  before  we  can  determine  whether  the  ab- 
sence of  ptyalin  signifies  atrophy  or  incipient  evolution. 


II.  The  Relation  of  the  Ptyalin  Concentration  to  the 
Rate  of  the  Secretion  of  Saliva. 

The  saliva  is  the  only  digestive  juice  whose  secretion  can  be  studied 
imder  absolutely  physiological  conditions.  Little  or  no  work  has  been 
done  in  man  on  the  ptyalin  concentration  in  the  saliva  secreted  under 
different  conditions  of  appetite,  emotional  states,  or  in  response  to 
different  stimuli  in  the  mouth,  because  of  the  difficulty  of  securing  the 
saliva  free  from  admixture  with  the  substances  used  for  stimulation, 
and  because  the  ordinary  laboratory  animal,  the  dog,  as  we  have  seen, 
has  no  ptyalin  in  the  saliva.  The  rabbit's  parotid  secretes  ptyalin,  but 
the  rabbit  is  a  small  animal,  the  salivary  glands  are  correspondingly 
small,  and  it  is  difficult  to  get  enough  parotid  saliva  for  ph>'siological 
tests  without  fatiguing  the  gland. 

It  is  relatively  easy  to  collect  pure  parotid  saliva  in  man  by  the  in- 
sertion of  a  cannula  into  Stenson's  duct.  But  this  cannula  must  be  held 
in  place  by  an  attendant,  the  subject's  head  must  be  held  relatively 
rigid,  and  only  very  limited  masticatory  movements  can  be  executed 
without  displacing  the  cannula.  Moreover,  in  the  case  of  problems 
involving  accurate  determination  of  secretory  rate,  this  method  is  rather 
unsatisfactory  because  a  cannula  of  the  size  that  will  easily  slip  into 
the  duct  will  usually  permit  some  saliva  to  escape  between  the  edges  of 
the  duct  and  the  cannula  itself.  It  is  perfectly  obvious  that  this  method 
does  not  permit  the  collection  of  a  pure  parotid  saliva  diuing  the  mas- 
tication of  an  ordinary  meal.  We  attempted  to  devise  a  cannula  that 
would  be  suitable  for  the  human  parotid.  An  illustration  of  this  cannula 
as  constructed  by  us  is  given  in  Fig.  i.  The  principle  is  simply  this: 
to  surroimd  the  opening  of  Stenson's  duct  with  a  metal  cup  which  com- 
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nerve  endings  than  a  substance  like  dry  sand  or  flour  when  applied  to 
the  same  area. 

We  have  made  a  number  of  determinations  of  the  relation  of  concen- 
tration of  the  human  parotid  saliva  to  the  rate  of  the  secretion  of  the 
saliva,  and  find  that  it  is  the  same  as  in  the  lower  mammals,  namely, 
within  limits  the  concentration  of  the  saliva  increases  with  the  rate 
of  the  secretiop. 

2.  It  has  been  shown  by  Carlson  and  Ryan  '  that  the  ptyaiin  in  the 
parotid  saliva  of  the  rabbit  varies  directly  with  that  of  the  organic 
solids,  at  least  in  the  case  of  gland  anemia  and  on  stimulation  of  the 
cervical  sympathetic.  The  behavior  of  the  ptyaiin  concentration  in 
the  relation  to  the  secretory  rate  was  not  determined,  but  in  view  of  these 
findings  we  would  expect  the  ptyaiin  concentruion  to  increase  with 
the  secretory  rate  in  the  same  way  as  the  organic  solids  increase  with 
the  secretory  rate  in  the  rested  gland.  We  endeavored  to  answer  the 
question  by  direct  experiments  on  man,  rabbits,  and  goats  (before  we 
found  out  that  the  goat  saliva  contained  no  ptyaiin). 

In  man,  in  the  case  of  individuals  who  respond  readily  with  varying 
secretion  rates  to  stimuli  of  varying  strengths,  Ike  saliva  that  is  secreted 
the  fastest  exhibits  the  greatest  digestive  power.  We  used  di  ff  erent  strengths 
of  acids  alternately,  or  sand  and  acids  alternately.  The  slowly 
secreted  saliva  obtained  on  placing  sand  in  the  mouth  contains  less 
ptyaiin  than  that  secured  on  stimulation  by  weak  acetic  acid.  The 
acetic  acid  stimulus  may  be  graded  in  strengths  i,  2,  3,  and  applied  to 
the  mouth  consecutively,  beginning  either  with  the  weakest  or  the 
strongest,  and  the  parotid  saliva  obtained  will  exhibit  corresponding 
differences  in  ptyaiin  concentration.  But  it  is  difficult  always  to 
obtain  rates  of  secretion  varying  directly  with  the  strength  of  acids 
used  as  stimulus.  And  the  direct  relation  between  the  ptyaiin  concen- 
tration and  the  secretion  rate  is  not  a  close  one.  A  great  difference  in 
secretion  rate  is  required  in  order  to  demonstrate  the  difference  in 
diastatic  power,  but  this  is  also  true  of  the  organic  solids.  Typical 
experiments  illustrating  this  relation  are  given  in  Table  I. 

Despite  the  number  of  attempts  we  have  so  far  been  unable  to  demon- 
strate this  relation  between  ptyaiin  concentration  and  secretion  rate  in 
the  case  of  the  rabbit's  parotid  saliva,  probably  because  of  the  rapid 

'  Ryan:  This  journal,  1909,  xziv,  p.  334. 
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TABLE  I. 
Showing  the  Relation  op  the  Seceehon  Rate  to  the  Ptvalin  Concentratiow 
m  THE  Hduan  Pabotid  Saiiva.    The  Tests  are  made  on  2S  c.c.  1  per  cent 
Solution  oe  boiled  Starch  +  0.1  c.  c.  Parotid  Saliva,  at  Rook  Tehpeka- 
TDRE.    All  the  Tests  in  each  Group  are  parallel. 


Stimulus. 

Rate  of 

Rate  of  digestion  in  min. 

Cleared. 

Disappear- 
ance of 
starch. 

Disappear- 
ance of 
ernhro- 
de«rin. 

1.  Acid  (medium)  .... 

2.  Acid  (strong) 

3.  Acid  (weak) 

8 
6 
10 

20 
16 
33 

1.  Add  (weak) 

2.  Acid  (strong) 

3.  Acid  (medium)  .... 

4.  Acid  (strong) 

5.  Acid  (medium)  .... 

6.  Acid  (strong) 

9 

1 

2.7 

0.5 

2.S 

0.S 

4.0 

12 
3 
9 

4 
7 
4 
6 

11 
2S 
15 
30 
13 
30 

1.  Sand 

2.  Acid 

3.  Sand 

4.  Add 

7 

0.S 
3.S 
0.5 

13 
3 
5 

4 

22 
8 
18 
12 

23 
9S 
70 

• 

1.  Sand 

2.  Acid 

3.  Sand 

4.  Acid 

S 

0.25 
1.75 
0.35 

7 
5 

7 
6 

25 
15 
23 
18 

100 
60 
110 
100 
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fatigue  of  the  gland  under  experimeDtal  conditions.  It  is  well  known 
that  the  direct  relation  between  secretion  rate  and  organic  solids  is 
demonstrable  only  in  the  rested  gland.  Large  monkeys  provided  with 
a  permanent  parotid  fistula  are  necessary  to  establish  the  point  beyond 
possible  doubt,  because  in  such  animals  the  secretion  rate  can  be  con- 
trolled more  accurately  than  in  man. 

While  the  experiments  of  Carlson  and  Ryan  together  with  our  re- 
sults on  man  indicate  quite  strongly  that  the  ptyalin  in  the  saliva  varies 
with  the  secretion  rate  in  the  same  way  as  the  rest  of  the  organic  solids, 
there  is  nothing  in  the  literature  on  the  other  digestive  glands,  particu- 
larly the  stomach  and  the  pancreas,  supporting  these  results.  As  a 
matter  of  fact,  the  work  on'  the  stomach  and  the  pancreas  seems  to 
indicate  that  the  ferment  concentradon  of  these  glands  varies  quite 
independently  of  the  secretion  rate.  These  results  on  the  salivary 
glands  do  not  therefore  permit  any  generalization.  Possibly  the  ap- 
parent uselessness  ol  ptyalin  in  the  digestive  processes  is  to  be  corre- 
lated with  this  difference  between  the  laws  governing  the  secretion  of 
ptyalin  and  those  governing  the  secretion  of  pepsin  and  the  pancreatic 
ferments,  the  ptyalin  concentration  being  governed  by  the  same  factors 
that  determine  the  concentration  of  the  other  organic  solids. 

3.  Qualitatively  different  stimuli  in  the  mouth,  such  as  acid,  salt, 
sweet,  bitter,  mechanical,  agreeable,  disagreeable,  .yield  no  constant 
difference  in  the  ptyalin  concentration  of  the  parotid  saliva,  unless  they 
yield  a  constant  and  marked  difference  in  the  rate  of  secretion,  as  is 
the  case,  for  example,  with  sand  and  acids.  In  man  it  is  practically 
impossible,  however,  to  secure  uniform  secretion  rates  in  the  case  of 
the  qualitatively  different  stimuli.  Our  results  are  therefore  not  con- 
clusive on  this  point.  But  it  is  obvious  that  any  investigation  of  the 
relation  of  ptyalin  concentration  or  of  the  concentration  of  other  sub- 
stances in  the  saliva  to  different  stimuli  in  the  mouth  or  to  different 
physiological  stales  of  the  refiex  centres  must  recognize  the  secretion 
rate  factor. 
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THE  ACTION  OF  EXTRACTS  OF  THE  ANTERIOR  LOBE 
OF  THE  PITUITARY  GLAND  UPON  THE  BLOOD 
PRESSURE. 

By  WALTER  W.   HAMBURGER. 
[From  Ik*  Hull  Laberalory  ef  Experimaitai  Therapeutics,  Utriaeriily  of  Chicago.] 

/^  LIVER  and  Schifer'  in  1895  showed  that  injections  of  pituitary 
^-^  extracts  caused  a  rise  in  blood  pressure.  Howell '  explained  the 
apparently  opposite  results  of  Syzmanowicz '  by  isolating  the  two  lobes 
and  injecting  each  separately,  whereupon  the  extracts  made  from  the 
anterior  lobe  caused  little  if  any  change,  while  those  from  the  posterior 
lobe  caused  an  increase  in  blood  pressure  and  slowing  of  the  heart. 
Schafer  and  Vincent  *  the  following  year  found  both  a  pressor  and  de- 
pressor substance  in  the  posterior  lobe.  More  recently  von  Cyon '  in- 
vestigated the  depressor  substance  of  the  posterior  lobe,  which  be 
calls  "  hypophysin."  He  found  that  it  was  soluble  in  alcohol  and  ether 
and  that  it  caused  an  accelerated  heart  action.  Von  Cyon  thinks  its 
action  similar  to  that  of  cholin. 

Six  years  ago  while  investigating  the  action  of  intravenous  injections 
of  various  glandular  extracts  I  described  a  depressor  effect  produced  by 
saline  extracts  of  the  anterior  lobe.' 
The  conclusions  reached  at  that  time  (1904)  were  as  follows: 
I.  The  intravenous  injection  of  a  saline  extract  of  the  hypophyseal 
(anterior)  lobe  of  the  pituitary  body  produces  a  distinct  fall  of  blood 
pressure.  This  fall  is  accompanied  usually  by  an  acceleration  and 
weakening  of  the  heart. 

'  Oliver  and  Schafer:  Journal  of  physiology,  1895,  iviii,  p.  276. 
'  Howell:  Journal  of  experimental  medicine,  i8g8,  iii,  p.  145, 
'  Syzmanowicz:  Archiv  fUr  die  gesammte  Physiologic,  1896,  Ixiv,  p.  97. 
'  Schafer  and  Vincent:  Journal  of  phyaology,  1899,  xxv,  p.  87. 
'  von  Cyon;   Comptes  rendus  de  I'Acad^mie  des  Sciences,  Paris,  1907,  CJdiv, 
p.  868. 

'  Hamrurcer:  This  journal,  1Q04,  li,  p.  283. 
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2.  A  second  injection  of  a  saline  extract  of  hypophyseal  lobe  imme- 
.diately  following  the  iirst,  fails  to  produce  any  change  in  blood  pressure. 
If  a  considerable  interval  be  allowed  to  elapse,  a  second  injection  will 
produce  a  fall. 

3.  The  active  depressor  substance  is  soluble  in  alcohol,  glycerin,  and 
salt  solutions,  but  insoluble  in  ether.  Repeated  doses  of  the  alcoholic 
extract,  following  each  other  immediately,  are  active. 


FiGVRE  1.  —  One-balf  the  original  size.  The  injection  of  10  c.c,  of  a  saline  extnct  of  the 
anienor  lobe  of  the  pitujiary  gland  causes  a  marked  fall  in  the  carotid  blood  piessuie, 
recorded  by  a  mercury  manometer.   The  lower  line  records  lime  in  seconds  and  mailj 

*       the  atmospheric  pressure.     The  dog  died  in  shock. 

4.  A  secondary  rise  above  the  normal  follow^  the  depressor  effect 
produced  by  alcoholic  extract  of  the  hypophyseal  lobe.  It  is  also  some- 
times seen  after  injection  of  a  saline  extract.  This  may  be  due  to  an 
active  pressor  substance  present  in  small  amoimts  in  the  hypophyseal 
lobe  or  to  the  elimination  of  the  inhibitory  substance  present  in  the 
saline  extract. 

Two  years  later,  Schafer  and  Herring '  investigating  the  action  of 
pituitary  extracts  upon  the  kidney  were  unable  to  obtain  this  depressor 
effect.  My  attention  was  called  to  this  criticism  through  the  kindness 
of  Professor  G.  N.  Stewart  and  it  was  decided  to  re-examine  the  problem. 
Until  the  present,  this  has  been  impossible,  but  I  now  have  the  results 
of  a  series  of  injections  upon  eight  dogs.  These  findings,  corroborative 
of  the  original  experiments,  form  the  basis  for  this  short  report. 

The  technique  was  identical  with  that  used  in  1904.  Fresh  material 
was  obtained  from  the  oxen  of  Schwarzchild  and  Sulzberger  of  the 
Union  Slock  Yards  and  prepared  and  injected  on  the  same  evening  or 

'  SrHXFEB  and  Herring:  Philosophical  transactions,  1906,  B.  199,  p.  i. 
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the  following  morning.  The  fresh  saline  extracts  prepared  as  a  25  per 
cent  solution  produced  an  immediate  decided  fall  in  blood  pressui^ 
(Fig.  I). 

In  a  number  of  instances  this  fall  in  pressure  was  accompanied  or 
succeeded  by  an  apparently  toxic  action  resulting  in  two  cases  in  death 
of  the  animals  from  shock.  Dogs  i  and  3,  in  spite  of  continued  cardiac 
massage,  artificial  respiration,  and  intravenous  injections  of  adrenalin 
chloride,  died  as  an  immediate  result  of  the  injections.  This  marked 
toxicity  was  not  noted  in  the  original  experiments,  probably  because  of 
the  use  of  less  concentrated  suspensions.  The  fall  in  pressure,  however, 
was  constant  and  in  accord  with  that  obtained  in  the  earlier  work. 

Schafer  and  Herring- describe  their  technique  as  follows:  "The  ex- 
tract which  we  have  used  has  been  made  up  by  taking  one  part  by 
-weight  of  the  dry  material  (pituitary  body),  boiling  it  with  100  parts  of 
Ringer's  solution  and  filtering."  And  further,  in  a  footnote  they  add, 
"to  prevent  putrefaction  a  little  chloroform  was  always  added  to  the 
bottle  in  which  the  fresh  glands  were  collected,  but  this  was  always 
eliminated  in  the  drying  process."  Feeling  that  these  modifications  in 
technique  might  explain  the  negative  results  of  these  investigators,  it 
was  decided  to  repeat  their  observations.  Accordingly  a  little  chloro- 
form was  added  to  a.  second  portion  of  the  fresh  glands,  the  first  portion 
of  which  had  given  an  extract  that  lowered  the  blood  pressure;  the 
glands  were  then  divided  and  spread  out  on  glass  plates  and  dried  at 
room  temperature,  and  this  dried  material  was  pulverized  and  boiled 
in  100  parts  of  Ringer's  solution.*  Ten  cubic  centimetres  were  injected 
into  a  freshly  etherized  dog.  This  caused  no  change  whatsoever  in 
blood  pressure,  rate  and  force  of  heart  beat,  respiration,  or  in  the  general 
condition  of  the  animal.  The  conclusion  seems  justified  that  the  pres- 
sure-lowering substance  is  destroyed  as  a  result  of  some  one  or  all  of  the 
steps  in  its  preparation  following  the  technique  of  Schafer  and  Herring. 

In  conclusion  I  desire  to  thank  Dr.  S.  A.  Mathews  for  his  courtesy 
in  placing  the  laboratory  at  my  disposal  and  for  his  assistance  in  the 
experiments. 

*  It  was  found  that  10  gm.  of  the  fresh  glands  weighed  approximately  1  gm.  after 
drying  at  room  temperature,  so  that  the  25  per  cent  sus|>ension  of  fresh  glands  used  in 
these  esperimenls  is  1.5  times  more  concentrated  than  the  i  per  cent  solution  of 
ScnXFEH  and  Herring. 
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A    QUANTITATIVE   STUDY   OF    FARADIC   STIMULATION. 
IV.     THE   MAKE   AND   BREAK   KEY. 

By  E.   G.   martin. 
[From  Iht  Lt^oraiory  of  Physiology  in  the  Harvard  Medical  School.] 

IJ^ROM  the  beginning  of  the  use  of  induction  shocks  for  stimulating 
-^  living  tissues  it  has  been  recognized  that  the  physiological  intensi- 
ties of  these  shocks  are  markedly  affected  by  the  manner  of  making 
or  breaking  the  primar>'  circuit,  Helmholtz '  called  attention  to  this 
fact  in  his  study  of  induced  currents,  and  in  the  introductory  paper  of 
this  series '  the  manipulation  of  the  primary  circuit  was  set  down  as 
one  of  the  variable  factors  which  must  be  controlled  if  faradic  stimuli 
are  to  be  made  quantitatively  useful.  . 

Sources  of  Error  n*  Make  anti  Break  Keys. 

Errors  ftSoctiog  bruk  shocks.  —  The  method  of  measuring  break  in- 
duction shocks  which  I  have  developed  in  the  course  of  this  study '  is 
based  upon  a  discovery  of  Helmholtz,  that  the  physiological  effect  of 
an  induction  shock  dep>ends,  not  upon  its  whole  value,  but  upon  its 
maximum  intensity;*  and  that  this  maximum  intensity  is  propor- 
tional to  y-;    M  being  the  mutual  induction  between  primary  and 

secondary  coib,  and  L  the  self-induction  of  the  secondary. 

Now  the  relationship  between  the  maximum  intensity  and  y-  de- 
pends upon  the  time  required  for  the  induced  current  to  reach  its  maxi- 

*  Heuiholiz:  Pocoenoobf's  Annalea  der  Physik  und  Chemie,  1851,  Ixxxiii, 
P-  505- 

*  Maktin:  This  journal,  1908,  xxii,  p.  71. 

*  Mastin:  Lmc.  cU.,  p.  116. 

*  Heuiholtz:  Loc.  cU. 
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when  the  time  required  for  reaching  it  is  zero,  and  falls  below  — 
more  and  more  as  the  time  increases.  It  is  clear,  then,  that  the  quan- 
tity —  cannot  be  ussd  as  a  measure  for  break  stimuli  if  the  time  required 
for  the  induced  current  to  reach  its  maximum  is  subject  to  variation, 
but  may  be  used  so  long  as  this  time  is  constant,  even  though  it  may 
not  be  zero.  Helmholtz  showed  that  the  induced  current  attains  its 
maximum  intensity  at  the  instant  the  spark  ceases  to  pass  across  the 
broken  primary  contact.  The  problem  of  obtaining  uniform  break 
shocks  is,  then,  that  of  obtaining  a  key  that  shall  gi\'e  a  uniform  s;>ark 
every  time  it  is  broken. 

The  duration  of  the  spark  at  a  broken  primary  contact  depends  in  part 
upon  the  intensity  of  the  primary  current,  in  part  upon  the  amount  of 
volatilization  occurring  at  the  contact,  and  in  part  upon  the  speed  with 
which  the  points  are  separated.  This  last  factor  explains  why  kev-s 
operated  by  hand  cannot  be  depended  upon  to  give  uniform  results, 
and  why  some  form  of  automatic  key  is  required,  since  only  thus  can  a 
uniform  speed  of  separation  be  secured.  Moreover,  ordinary  mercury 
keys  cannot  be  depended  on  even  when  operated  automatically,  because 
of  the  tendency  of  mercury  when  not  absolutely  clean  to  cling  in  drops 
and  thus  vary  the  speed  with  which  the  contact  points  actually  separate. 
In  practically  all  keys  there  is  some  volatilization;  platinum  contacts 
giving  the  least,  ordinary  mercury  contacts  the  most.  It  is  impracti- 
cable to  use  always  primary  currents  of  a  single  intensity ;  but,  as  pointed 
out  previously,'  primary  currents  not  exceeding  0.8  to  i  ampere  intensity 
give  sparks  of  virtually  equal  duration,  other  factors  remaining  constant. 

Brtora  offecUag  make  atiocks.  —  The  making  of  a  primar)'  circuit  is 
not  attended  with  sparking,  so  that  the  sources  of  error  for  makes  are 
not  the  same  as  for  breaks.  In  making  a  circuit  we  pass  from  a  circuit 
of  infinite  resistance  to  one  with  the  resistance  of  the  closed  circuit  itself. 
It  is  during  the  passage  from  the  first  of  these  resistances  to  the  second 
that  the  secondary  current  is  induced.  The  more  nearly  instantaneous 
the  change,  the  greater  is  the  physiological  intensity  of  the  induced 
current.  In  hand-operated  metal-contact  keys  there  can  be  no  assur- 
ance that  the  contact  points  will  hz  pressed  together  with  the  same 


*  Martini  Loc.  cil., 


p.  71. 
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firmness  twice  in  succession,  so  that  to  secure  uniformily  of  contact 
automatic  keys  are  required  for  make  shocks  as  well  as  for  breaks. 
A  further  and  more  serious  defect  in  metal-contact  keys  for  make 
shocks  is  their  liability  to  rebound  slightly,  or  to  slip  sidcwise,  thus 
giving  not  a  single  clean-cut  make,  but  a  succession  of  make,  break, 
and  make.  So  constantly  has  this  defect  shown  itself  in  my  experi- 
ments, even  with  carefully  constructed  automatic  metal-contact  keys, 
that  I  have  found  it  necessary  to  use  mercury  contacts  altogether  in 
studying  make  shocks- 

The  considerations  stated  above  lead  to  the  following  conclusions: 
that  hand-operated  keys  are  not  to  b;  depended  on  for  uniform  makes 
and  breaks;  that  for  break  shocks  platinum  contacts  are  to  be  pre- 
ferred to  mercury  because  of  their  less  volatilization,  while  for  make 
shocks,  on  account  of  the  rebound  or  side-slip  of  metal  contacts,  mer- 
cury affords  the  only  trustworthy  contact. 

The  Stewaet  Stop-Cock  Key. 

It  is,  of  course,  wholly  undesirable  to  equip  the  primary  circuit  with 
two  keys,  —  one  of  mercury  to  be  u^ed  for  making  the  circuit,  and 
another  of  platinum  for  breaking  it.  I  therefore  set  about  the  task 
of  devising  a  singi;  key  which  should  serve  satisfactorily  the  require- 
ments of  both  make  and  break  shocks.  While  thus  engaged,  I  heard 
of  a  scheme  suggested  by  Prof.  C.  C.  Stewart  which  appeared  liksly  to 
answer  very  well.  Stewart's  device  was  the  simple  one  of  fiiling  a 
glass  stop-cock  with  mercury,  connecting  the  mercury  on  the  two  sides 
with  the  primary  circuit,  and  opening  and  dosing  the  circuit  by  turning 
the  stop-cock.  I  accordingly  fitted  up  a  slop-cock  with  an  arrangement 
for  turning  it  automatically  at  the  fall  of  a  pendulum  and  tried  it  in  the 
primary  circuit.  It  gave  very  uniform  results,  both  for  break  shocks 
and  for  make  shocks;  all  my  observations  between  November,  1906, 
and  June,  1907,  were  made  with  this  form  of  key.  The  chief  objec- 
tions to  the  stop-cock  key  were  its  bulkiness  and  complication  when 
equipped  with  an  automatic  operating  de\nce,  and  the  necessity  of  using 
a  rather  loose-fitting  stop-cock  because  a  tight-fitting  one  required  lubri- 
cation to  prevent  binding,  and  the  lubricant  became  quickly  mixed  with 
mercury,  making  it  impossible  to  break  the  circuit  by  turning  the  cock. 
There  was  a  certain  amount  of  oxidation  at  the  mercury  surface, 
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indicating  that  air  had  access  to  it;  it  was  necessary,  therefore,  to  renew 
the  mercury  in  the  stop-cock  frequently. 

The  Vulcanite  Knife-Blade  Key. 

My  experience  with  Stewart's  stop-cock  key  suggested  a  key  which 
would  give  even  more  uniform  results  than  his,  while  being  at  the  same 
time  more  compact  and  simpler  in  construction. 

The  principal  defects  in  a  mercury  contact  used  for  break  shocks 
are,  first,  the  tendency  of  the  mercury  particles  to  cling  together  and  pro- 
long the  contact,  a  tendency  which  is  much  more  marked  in  mercun- 
contaminated  with  other  metals  or  its  own  oxide  than  in  perfectly  clean 
mercury;  and,  second,  the  great  volatilization  occurring  at  the  place 
where  the  contact  is  broken.  For  a  break  key  of  mercury  to  be  efBcient 
]K)th  these  defects  must  be  eliminated  as  completely  as  possible.  How 
well  these  ends  are  secured  in  the  key  under  consideration  can  best  be 
judged  from  a  description  of  the  device  itself. 

The  key  consists  of  a  block  of  vulcanite  30  mm.  long,  20  mm.  wide, 
and  25  mm.  deep,  having  cut  in  it  two  vertical  chambers  (see  Fig,  i), 
one  (a)  rectangular,  20  mm.  long,  8  mm.  wide,  and  20  mm,  deep;  the 
other  (i)  cylindrical,  6  mm,  in  diameter  and  20  mm.  deep.  A  hole  3  mm. 
in  diameter  (c.  Fig,  i)  is  bored  through  from  one  of  these  cavities  to 
the  other  at  a  depth  of  about  16  mm.  Each  of  the  chambers  is  in  elec- 
trical communication  with  a  binding  post,  and  when  filled  with  mer- 
cury they  are  in  electrical  communication  with  each  other  through  the 
connecting  hole,  c. 

A  strip  of  vulcanite,  18  mm.  long,  8  mm,  wide,  and  i  mm.  thick,  flat 
on  one  side  and  on  the  other  tapered  toward  the  edges  {d,  Fig,  i),  is 
supported  at  the  top  of  the  block  by  a  horizontal  rod  working  freely  in 
a  collar  {e.  Fig.  i),  in  such  fashion  as  to  press  closely  agaifist  the  inner 
surface  of  the  cavity,  a,  and  when  rotated  about  its  axis  of  support  to 
cover  or  uncover  the  opening  c.  When  the  vulcanite  strip  is  brought 
over  the  opening,  it  cuts  the  mercury  connection  between  cavities  a 
and  b  and  therefore  breaks  any  electric  circuit  which  may  include  them. 
It  will  be  seen  that  this  method  of  breaking  a  circuit  has  many  points 
in  its  favor.  The  break  cannot  be  delayed  through  the  tendency  of 
mercury  drops  to  cling  together,  for  the  severance  of  the  mercury  columo 
is  not  the  withdrawal  of  one  mass  of  mercury  from  another,  but  is  the 
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forcible  interposition  of  a  non-conductor  in  the  path.'  Moreover,  the 
vulcanite  strip  cuts  off  not  only  the  liquid  mercury,  but  if  it  fits  tightly, 
as  it  should,  cuts  off  as  well  any  mercury  vapor  that  may  be  formed. 
Thus  the  effect  of  volatihzation  of  mercury  is  minimized.  Since  the 
point  where  the  break  occurs  is  beneath  a  considerable  depth  of  mer- 
cury air  does  not  have  access  to  it,  and  oxidation  does  not  occur.  I 
have  found,  as  a  matter  of  fact,  that  the  same  mercury  may  be  used  in 
one  of  these  keys  for  months  on  end  without  any  appreciable  variation 
in  the  effectiveness  of  the  break. 

When  the  vulcanite  strip  is  so  rotated  as  to  uncover  the  hole,  c,  the 
mercury  in  the  two  cavities  reunites  and  thus  makes  the  circuit.  The 
reunion  of  the  separated  mercury  masses  should  take' place  as  smoothly 
as  possible.  To  bring  this  about,  the  vulcanite  knife  blade  is  tapered 
at  the  edges  so  that  it  may  plough  through  the  mercury  with  as  little 
disturbance  as  possible. 

Tha  oponting  d«Tlc«.  —  To  secure  uniformity  of  action  it  is  neccssar}', 
as  pointed  out  in  a  former  paragraph,  that  the  vulcanite  blade  be  operated 
automatically,  hand  operation  being  liable  to  wide  variations  in  the  speed 
with  which  the  contact  is  made  or  broken.  The  method  adopted  in 
this  instrument  is  illustrated  by  the  diagrams  (Figs.  2  and  3).  The 
axis  of  rotation  of  the  blade  (o,  Figs,  i  and  2),  after  passing  through  the 
supporting  collar  {e,  Fig.  i),  is  fastened  into  a  triangular  sheet  of  brass 
(/,  Fig.  2),  from  whose  apex  project  horizontally  two  brass  arms,  w  and 
a/;  these  are  bent  at  right  angles  at  their  outer  ends,  as'shown  in  Fig.  3. 
From  ihe  tip  of  each  of  these  arms  a  coiled  spring  {L  and  L',  Fig.  ;)  ex- 
tends down  to  the  end  of  a  lever,  k  and  k'.  Each  spring  consists  of 
twenty-seven  turns  of  spring  brass  wire,  0.6  mm.  in  diameter.  The 
length  of  the  spring  is  about  16  mm.,  and  the  outside  diameter  of  Ihe 
coil  5  to  6  mm.  The  depression  of  either  lever  puts  the  spring  con- 
necting with  it  under  tension  and  tends  to  draw  downward  the  corre- 
sponding arm,  rotating  the  vulcanite  blade  with  it.  To  prevent  move- 
•  ment  of  the  blade  until  the  spring  has  been  put  under  a  certain  degree 
of  tension  two  slits,  g  and  g^,  are  cut  into  the  lower  edge  of  the  triangle, 
/.  A  releasing  device,  >',  is  pressed  upward  against  the  lower  edge  of  / 
by  a  stout  spring,  in  such  fashion  that  when  either  slit  is  engaged  /  is 
prevented  from  moving.     Each  of  the  levers,  k  and  k',  bears  at  its  tip 

.  •  A  device  employing  ihii  same  principle  was  described  by  Lombard  in  190a, 
This  journal,  190J,  ^^ii,  p.  xx. 
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an  arm  (r,  r^.  Fig.  3),  wEuch  presses  upon  the  retease.  and  when  the 
lever  is  depressed  to  a  certain  point  disengages  it.  aHowmg  the  blade  to 
rotate.  The  amount  of  motion  of  the  bbile  ts  limited  by  setting  two 
poets,  m  and  »■',  al  such  pntiiioois  ihat  the  kwrer  apices  of/  strike  them 
when  sufficient  movement  has  occurred. 

.\fler  experimenting  wi:h  ii-arious  operaiing  devices  the  one  described 
above  has  been  adopted  as  combining  the  greatest  number  of  desirable 

Ttcicws  I.  Fkcvc  2. 


Flcu»E  1.  —  Diagram  Ulualrating  tbe  printipl.!  of  the  vulcaaite  tni£?-Usrfe  fc^.  T!i- 
front  of  the  block  is  broken  away  lo  show  Ifie  rrttiixB  at  the  [Hrts  withtn  the  cfaamber 
a.  a  anrj  J,  mefrury  ch3rnl>?i3:  c,  oj^-iuttj;  tnw^en  ii  and  b;  d,  lulcanitc  knitf-bJaile 
supported  npoo  mas  c,  which  nxaics  within  o.JIar  e. 

Tkcke  2.  —  Diagram  irf  the  operating  devv-e  tx  the  tnif.-Uadr  fc?y;  vertical  view.  /, 
triangle  at  bras  bearing  sfits  g,  ^,  and  vii^  a-,  -of,  rotating  about  axis  9;  U  T.  actoa:- 
ing  springs;  k,  it,  lexers  for  brin}^n);t«Kion  upon  spnn^  and  at  the  ame  tinK  opent- 
it^  leleaae  ■ ;  ■,  wt,  sops  for  Kmiung  moiioo  of  tni&  blade. 

features  with  the  fewest  defects.  The  two  le^-ers,  k  and  i^,  which  are 
depressed  alternately  for  making  and  iweaking  the  circuit,  are  so  placed 
as  to  lie  naturally  under  the  first  and  second  tngers  <rf  eitbo'  the  right 
or  the  left  hand.  The  springs,  /  and  T,  need  tmt  be  stiff,  bence  little 
pressure  need  be  eserted  upon  the  levers,  and  there  is  corre^xtDdingly 
little  fatigue  from  contintwus  operation  <A  the  key.  Tbe  springs  are 
brought  under  tensitm  only  during  the  use  (rf  the  insiniment ;  when  it 
is  not  ID  use,  they  hang  free.  Thus  their  stiflncis  does  not  vary  with 
the  lapse  of  time,  as  would  be  the  case  were  they  under  constant 
tension. 

Tba  flbort-dnnltliiff  dsTk«.  —  A  desideratum  in  any  key  which  is  to 
be  used  for  siimulaling  tissues  wilh  single  induction  shocks  is  a  deiice 
for  short-circuiting  automatically  cither  the  make  shocks  or  the  break 
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shocks  at  the  will  of  the  operator.  The  instrument  under  consideration 
lends  itself  so  readily  to  the  incorporation  of  such  a  device  that  I  shall 
include  a  brief  description  of  one,  beheving  that  the  value  of  the  key  is 
enough  enhanced  thereby  to  justify  its  inclusion.  The  entire  mecha- 
nism, shown  in  ground  plan  in  Fig.  3,  is  mounted   upon  a  slab  of 

FiGDKE  3.  FlCURE  4. 


FiCtTKZ  3.  —  Diagram  of  the  operating  device  fur  the  knife-blade  key;   borizonlal  view. 

SigEufcance  of  letters  tlie  same  as  ia  Figs.  1  and  2.   i,  cavity  in  base  tor  holding  tbort- 

d muting  device. 
FiciniB  4.  —  Diagram  of  the  short-circuiting  device.    (,  brass  bar  rotating  horizontally 

about  axis  u,  and  bearing  mercury  cup  o,  which  is  in  electrical  communicarioa  with 

post  p.    s,  f*,  plalinum  pins  mounted  upon  levers  k,  k,  and  in  electrical  communication 

with  post  f. 

vijcanite,  which  in  turn  rests  upon  a  base  of  soapstone,  slate,  or 
other  suitable  malerial.  The  vulcanite  is  cut  away  between  and  un- 
derneath the  levers  k  and  k',  as  indicated  al  s  (Fig,  3).  A  brass  rod 
(/,  Fig.  4)  is  mounted  upon  an  axis,  u,  in  such  fashion  that  it  can  be  ro- 
tated horizontally  about  this  axis  within  the  confines  of  the  space  s. 
At  the  end  of  the  rod  is  a  mercury  cup,  v.  Two  binding  posts,  p  and  ^, 
stand  at  one  margin  of  the  base.  From  p  a  wire  loads  through  the  body 
of  the  vulcanite  block  to  the  rod  /,  to  which  it  is  soldered  near  the  axis 
of  rotation  of  the  rod.    From  (/  two  wires  arc  carried  through  the  block, 


Digitized  byGoOgIC 


i88  E.  G.  Martin. 

one  to  the  axis  of  rotation  of  the  lever  k,  to  which  it  is  soldered,  the  other 
to  the  axis  of  k',  where  it  is  soldered  likewise.  Thus  both  levers  are  in 
electrical  connection  with  the  post  f,  and  the  rod.  (  in  similar  connec- 
tion with  the  post  p.  Soldered  to  the  levers  k  and  k'  al  the  points  s  and 
z'  are  pins  of  platinum  projecting  downward.  These  pins  are  so  placed 
that  the  mercury  cup  v  can  be  brought  direcdy  below  one  or  the  other 
of  them  according  as  /  is  rotated.  Their  length  is  so  adjusted  that  the 
pin  dips  into  the  mercury  when  the  lever  is  depressed  enough  to  release 
the  mechanism,  but  is  clear  of  the  mercury  at  all  other  times. 

If  the  binding  posts  p  and  p'  are  connected  in  parallel  into  the  sec- 
ondary circuit  of  the  inductorium  and  the  rod  t  is  rotated  so  as  lo  bring 
the  mercury  cup  below  the  lever  which  is  pressed  when  the  primar)'  circuit 
is  made,  the  left-hand  one  in  this  instrument,  the  make  shocks  arc  cU 
short-circuited.  Bringing  the  mercury  cup  below  the  other  lever  short- 
circuits  all  the  break  shocks.  When  the  rod  is  placed  in  an  intermediate 
position,  neither  makes  nor  breaks  are  affected.  To  prevent  all  possi- 
bility of  accidental  diversion  of  the  secondary  current  into  the  hand  of 
the  operator,  vulcanite  shields  are  placed  on  the  levers  at  the  points 
where  the  fingers  press  upon  them,  and  upon  the  handle  by  which  the 
rod  /  is  rotated. 

Demonstration  that  the  Knife-Blade  Key  is  Free 
FROM  Serious  Defects. 

In  previous  paragraphs  criticisms  of  ordinary  make  and  break  kej-s 
have  been  offered,  and  a  description  has  been  given  of  a  key  which  in 
theory  is  largely  free  from  the  defects  of  other  contact  keys.  It  remains, 
however,  to  show  by  experiment  that  the  knife-blade  key  is  really  better 
than  other  forms,  or  at  least  that  it  fultils  satisfactorily  the  requirements 
of  quantitative  work. 

Since  the  only  final  test  of  the  physiological  efSciency  of  a  stimulating 
mechanism  is  furnished  by  the  responses  of  irritable  tissue,  and  since 
there  can  be  no  assurance  of  a  tissue  presen-ing  uniform  irritability  for 
more  than  a  few  hours  at  a  time,  it  is  obviously  impossible  to  test  the 
key  by  determining  its  efficiency  from  time  to  time  over  a  long  period 
and  showing  that  it  remains  uniform.  Some  method  of  testing  it  must 
be  devised  which  can  be  carried  to  completion  in  a  single  experiment. 
I  believe  that  such  a  method  is  aHorded  by  a  comparison  of  tht  phys- 
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Deuonstsatio.v  that  make  Shocks  ajjd  Break  Shocks  of  Eqcal  SniicLATiNO  Value 

ARE   OBTAINED  WHEll   THE   PRIUARV  CIBCUTT   IS   ktADE    AMD    BROKEN    BY  MEANS   OF 
THE   VlJlCANTTE    K.VIFE-BLADE   KEV. 


Semes  I.                                                            | 

Date. 

Break  shocks. 

Make  shocks. 
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12 
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Series  2.                                                            1 
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iological  effects  of  make  shocks  and  break  shocks  upon  the  same  irritable 
tiasuc.  Since  the  defects  of  a  key  by  which  the  two  sorts  of  shocks  are 
affected  are  not  the  same  (see  p.  i8i),  and  shice,  furthermore,  the  phys- 
iological effects  of  break  shocks  are  computed  according  to  one  formula 
and  those  of  make  shocks  according  to  another,'  it  seems  to  me  wholly 
unlikely  that  corresponding  values  for  make  and  break  stimuli  could 
be  secured  with  a  key  which  is  at  all  markedly  defective.  I  submit, 
therefore,  as  a  criterion  for  any  make  and  break  key  which  is  to  be  used 
in  quantitative  work  that  make  and  break  stimuli  generated  through 
its  agency  must  agree  in  value  within  a  moderate  limit  of  error,  perhaps 
5  or  6  per  cent  at  the  outside. 

In  Table  I  are  presented  the  results  of  two  series  of  tests  of  a  Wiife- 
blade  key  separated  by  an  interval  of  one  year!  To  make  the  tests 
thorough,  the  conditions  were  varied  rather  widely  within  each  series. 
The  results  seem  lo  show  that  the  particular  key  tested  is  reliable,  so 
far  as  can  be  judged  from  this  criterion. 

As  a  further  check  upon  the  reliability  of  the  knife-blade  key,  tw-o 
were  connected  in  series  in  the  primary  circuit  of  an  inductorium,  and 
their  efficiency  was  directly  compared.  Both  keys  were  made  in  the 
machine  shop  connected  with  this  laboratory,  but  not  at  the  same  time 
nor  by  the  same  mechanic.  Both  were  made  according  to  the  design 
presented  in  previous  paragraphs;  they  differed,  however,  in  at  least 
one  important  detail, 'namely,  the  stiffness  of  the  springs  {I  and  I',  Fig. 
2)  which  actuate  the  knife-blade  mechanism.  By  direct  measurement 
the  tension  of  each  spring  of  one  key  at  the  instant  when  the  catch  was 
released  was  shown  to  be  about  130  gm.,  of  the  other  key  nearly  200  gm. 
No  particular  pains  were  taken  lo  have  the  depths  of  mercury  the  same  in 
the  chambers  of  the  two  keys.  There  was,  in  fact,  no  attempt  to  have  them 
identical  in  every  respect  nor  more  nearly  alike  than  any  two  keys  made 
from  a  single  design  would  be  apt  to  be.  The  result  of  the  experiment 
was  that  no  difference  between  the  two  keys  could  be  observed,  so  far 
as  they  affected  the  intensity  of  primary  current  required  to  bring  about 
a  faradic  shock  of  given  stimulating  value.  Tests  were  made  of  both 
make  and  break  stimuli;  with  the  secondary  coil  at  positions  ranging 
from  o  cm.  to  24  cm. ;  and  with  primary  currents  varying  from  0.0013 
ampere  to  0.2  ampere. 

'  Martin:  This  journal,  1909,  xxiv,  p.  378. 
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THE  EFFECTS  OF  DISTILLED  WATER  AND  OF  VARIOUS 
SOLUTIONS  ON  THE  WEIGHT  AND  LENGTH  OF 
STRIATED  MUSCLE, 

By  EDWARD  B.  MEIGS. 
{From  the  Ldberalary  of  Physiology  in  Ike  Harvard  Midical  School.] 

Introduction. 

T^OR  a  number  of  years  there  has  been  a  gradual  accumulation  of 
-*-  evidence  pointing  to  two  iipportant  conclusions  in  regard  to  the 
contraction  of  striated  muscle.  The  first  is  that  contraction  is  the  direct 
mechanical  result  of  the  swelling  of  the  fibrill<c  or  sarcostyles  at  the  ex- 
pense of  the  sarcoplasmic  fluid;  the  second,  that  the  maintained  con- 
traction which  is  characteristic  of  the  condition  known  as  rigor  is  caused 
by  an  accumulation  of  lactic  acid  within  the  muscle.  These  conclu- 
sions, far  from  being  mutually  exclusive,  agree  very  well  with  one  an- 
other. It  has  been  known  for  a  long  time  that  the  sarcostyles  of  at 
least  one  form  of  striated  muscle  show  a  marked  tendency  to  swell  in 
even  very  dilute  acid  solutions.'  If,  therefore,  it  can  be  shown  that  a 
muscle  going  into  rigor  always  produces  acid,  and  that  swelling  of  the 
muscle  sarcostyles  causes  them  to  shorten,  a  complete,  though  rough, 
explanation  of  the  shortening  which  accompanies  rigor  seems  to  have 
been  given.' 

Striated  muscle  may  be  artificially  caused  to  swell  or  to  lose  water 
by  various  reagents,  and  experiments  with  such  reagents  ought  to  throw 
light  on  the  question  whether  or  not  contraction  really  is  a  matter  of 
swelling  of  the  sarcostyles.  It  must  be  remembered,  however,  that  the 
muscle  as  a  whole  might  absorb  or  lose  water  without  the  sarcostyles 
taking  any  part  in  the  process,  for  it  is  perfectly  conceivable  that  the 

'  McDoocall:  The  journal  of  anatomy  and  physiology,  1898,  XKcii,  p.  193; 
Schafer:  Monthly  internalionai  joumaJ  of  anatomy  and  ph>'sioiogy,  1891,  viii, 
p.  303. 

"  Reviews  of  parts  of  this  subject  and  references  to  its  literature  are  to  be  found 
in  the  Ergebnisse  der  Physiologic,  1909,  viii,  pp.  147  el  srq.,  and  The  journal  of  phy- 
siology, 1909,  XMix,  p.  385. 
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additional  fluid  might  be  held  either  in  the  spaces  between  the  fibres 
or  in  the  sarcoplasmic  spaces.  Further,  it  has  long  been  dear  that  the 
taking  up  and  loss  of  water  by  muscle  immersed  in  various  solutions 
of  acids,  bases,  and  salts  or  in  distilled  water  is  a  compUcated  process; 
and  this  field  must  be  more  or  less  cleared  up  before  any  safe  conclu- 
sions can  be  drawn  from  the  kind  of  experiments  proposed.  The  ques- 
tion of  the  osmotic  properties  of  the  various  structures  of  which  a  striated 
muscle  is  composed  is,  of  course,  in  itself  a  very  important  one. 

It  will  be  convenient  to  divide  this  article  into  two  parts,  in  the  first 
of  which  I  shall  consider  the  changes  of  weight  undergone  by  striate! 
muscle  in  distilled  water  and  various  solutions  of  electrolytes  and  non- 
eleclrolytcs ;  I  shall  endeavor  to  show  that  the  swelling  of  striated 
muscle  in  distilled  water  is  a  complex  of  two  quite  distinct  processes. 
In  the  second  part  I  shall  consider  the  relation  between  the  changes  of 
weight  described  in  the  first  part  and  the  changes  of  length  which  may 
be  shown  to  accompany  them. 

Part    I.    The    Changes    of    Weight    undergone    by    Striated 
Muscle  in  Distilled  Water  and  in  Various  Solutions. 

Th«  chugos  prodncsd  In  muscle  by  distilled  water.* — The  compli- 
cated nature  of  the  changes  produced  in  muscle  by  distilled  water  is 
well  seen  if  one  follows  the  chants  in  weight  undergone  by  frog's 
muscle  immersed  for  from  twenty-four  to  forty-eight  hours  in  this  fluid, 
Fischer  has  studied  these  phenomena  in  the  hind  leg  of  the  tree  frog 
and  states  that  the  muscle  first  gains  in  weight,  then  loses,  and  then 
gains  again.*  This  series  of  changes,  he  says,  is  very  characteristic  for 
muscle  immersed  in  distilled  water. 

I  have  repeated  Fischer's  experiment  with  the  frog's  sartorius  and 
obtained  essentially  the  same  results.  The  sartorius  is,  of  course,  a 
much  smaller  mass  of  muscle  than  that  used  by  Fischer,  and  therefore 
all  the  periods  of  swelling  and  loss  of  water  were  shorter  in  my  experi- 
ment. I  also  obtained  a  second  period  of  \'ery  slow  loss  in  weight, 
which  was  no  doubt  absent  from  Fischer's  cur\'es  because  he  did  not 
carry  them  far  enough.  The  curve  in  Fig.  i  represents  the  changes  in 
weight  of  a  sartorius  immersed  in  distilled  water  in  one  of  my  tjpical 
experiments. 

'  FisCHEtt:  Archiv  filr  die  gesamnite  Physiologic,  1908,  cxxiv,  p.  74. 
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It  has  been  desirable  for  my  purposes  to  have  the  time  relations  of  all  my 
ejiperiments  readily  comparable,  and  I  have  therefore  used  the  sartorius  in 
almost  all  cases.  In  all  the  experiments  to  be  subsequently  described,  there- 
fore, it  may  be  assumed  that  the  frog's  sartorius  has  been  used  unless  the 
contrary  has  been  specifically  stated.  The  water  which  I  used  was  distilled 
over  glass,  and  my  solutions  were  made^ 
\\*ith  this  and  chemically  pure  substances. 
The  muscles  in  which  the  changes  in  weight  , 
were  followed  were  dried  in  as  uniform  a 
manner  as  possible  on  filter  paper  and  ,. 
weighed  on  an  analytical  balance.  The 
limits  of  error  are  certainly  within  2  mil-  ■ 
ligrams.  It  wiU  be  noticed  that  two  of  p,™  :._Ch»ng«"n  weight  mZ 
the  weight  curves,  namely,  those  in  which  dergone  by  a  sartorius  immersfd  in 
the  attempt  was  made  to  follow  the  dislilled  waler  of  which  the  cemper- 
cbanges  in  weight  of  muscle  immersed  in     ■"■"  varied  between  19"  and  ac. 

fluids  at  low  temperatures,   are   quite  ir-     ^J^'  ^^"l^'f   ""*   "=P"^"»   'h^ 
J      ,      TL  I  hypolheticai  early  swelling   of  Ibc 

regular  (see  Figs.  4  and  5).   The  muscles     jareostyles) 
used  in  these  experiments  were  taken  out 

of  the  cold  fluids  and  weighed  at  room  temperature.  It  cannot  therefore  be 
considered  that  these  curves  accurately  represent  the  course  of  swelling  at  the 
temperature  given,  but  they  are  sufficient  to  indicate  in  a  rough  way  the 
effects  of  temperature. 

A  great  deal  of  work  has  been  done  on  the  changes  which  occur  in 
muscle  immersed  in  distilled  water  and  in  various  solutions  of  electro- 
lytes and  non-eIectrolj1cs,  and  a  full  knowledge  of  the  facts  already 
recorded  helps  very  much  toward  an  understanding  of  the  sjructure 
and  many  of  the  properties  of  muscle.  The  field  is  a  complicated  one, 
and  I  shall  be  obliged  to  take  up  the  new  and  old  observations  in  the 
order  which  seems  most  advantageous  for  exposition. 

In  the  first  place,  then,  a  muscle  immersed  in  distilled  water  under- 
goes chemical  as  well  as  physical  changes.  Thirty-three  years  ago 
Du  Bois-Reymond  reported  that  a  frog's  muscle  placed  in  distilled 
water  becomes  acid  in  an  hour,'  In  a  recent  paper  *  I  have  added  some 
more  exact  observations  to  those  of  Du  Bois-Reymond  and  have  dis- 
cussed some    apparently  contrary  results  which  had  been  reported, 

*  Do  Bots-REYHOND:  Muskcl  und  Nervei^hyaik,  Ldpag,  1877,  Bd.  ii,  p.  17. 

*  Macs:  The  journal  of  physidogy,  1909,  zxziz,  p.  385. 
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Since  the  publication  of  this  paper  I  have  made  still  further  obseira 
tions  with  the  view  of  determining  roughly  how  soon  a  frog's  sartorius 
becomes  acid  and  loses  its  irritability  in  distilled  water,  and  whether 
irritability  may  be  restored  after  it  has  once  been  lost. 

It  is  sometimes  possible  to  show  that  five  minutes'  immersion  in  dis- 
tilled water  at  20°  renders  a  sartorius  slightly  more  acid  to  litmus  than 
fresh  muscle.  It  takes  somewhat  longer,  however,  to  destroy  com- 
pletely the  irritability  of  all  the  fibres;  a  small  number  of  fibres  at  the 
thick  upper  end  of  the  muscle  may  remain  irritable  for  e\'en  twenty- 
five  minutes  in  distilled  water  at  18°.  It  seems  at  first  sight  remarkable 
that  the  acid  reaction  is  demonstrable  before  the  complete  loss  of  irri- 
tability, but  this  relation  is  easy  to  understand  if  one  considers  that 
the  distilled  water  does  not  affect  all  the  fibres  at  the  same  time.  Xhe 
outer  fibres  are  rendered  acid  and  unirri table  within  five  minutes, 
while  the  inner  fibres  retain  their  irritability  and  probably  their  normal 
reaction  somewhat  longer.  The  contractions  of  the  still  irritable  inner 
fibres  are,  of  course,  slill  visible  even  after  they  are  completely  sur- 
rounded by  a  surface  layer  of  acid  and  unirritable  fibres. 

To  determine  the  question  whether  the  irritability  of  any  given  por- 
tion of  the  muscle  may  be  restored  after  it  has  once  been  lost,  I  have 
kept  sartorii  for  varying  periods  in  distilled  water  and  then  transferred 
them  to  Ringer's  solution  and  tested  them  at  intervals.  Ringer's  solu- 
tion was  used  because  it  is  known  that  muscles  immersed  in  this  fluid 
retain  their  irritability  for  a  long  time,  and  it  has  been  shown  that  trans- 
ferring a  muscle  to  Ringer's  solution  will  cause  it  to  assume  its  original 
length  and  reaction  after  it  has  been  for  a  considerable  time  in  distilled 
water.*  It  will  be  shown  in  this  article  (p.  196)  that  salt  solutions  lend 
to  remove  the  swelling  caused  by  distilled  water. 

In  one  case  a  sartorius  was  kept  for  twenty  minutes  in  distilled  water 
at  18°,  and  then  for  twenty-four  hours  in  Ringer's  solution  at  between 
15°  and  18°.  It  was  completely  unirritable  at  the  end  of  the  first  twenty 
minutes,  and  remained  so  during  the  whole  twenty-four  hours'  immer- 
sion in  Ringer's  solution.  In  another  case  a  sartorius  appeared  to  be 
completely  unirritable  after  twenty-five  minutes'  immersion  in  distilled 
water  at  18"*.  After  it  had  been  an  hour  in  Ringer's  solution  at  18°. 
however,  it  was  possible  to  show  that  a  few  fibres  at  the  thick  upper 
end  were  slightly  irritable,  though  all  the  rest  of  the  muscle  was  com- 
•  Meigs:  Loc.  at,,  pp.  387-389. 
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pletely  unirritable.  The  tissue  was  left  in  Ringer's  solution  at  between 
15°  and  18"  for  Iwenty-three  hours  more,  and  the  condition  described 
persisted  through  the  whole  period.  This  experiment  points  even  more 
conclusively  than  the  preceding  one  to  the  probability  that  the  irri- 
tability of  any  given  portion  of  the  muscle  cannot  be  restored  after 
it  has  once  been  destroyed  by  distilled  water.  After  the  twenty-five 
minutes  in  distiUed  water  the  outer  fibres  of  the  muscle  were  much 
shortened,  and  their  shortening  would  mask  any  contraction  of  the 
still  irritable  inner  fibres.  The  Ringer  solution,  however,  removed 
the  contraction  of.  the  outer  fibres  without  restoring  their  irritability, 
and  the  contraction  of  the  inner  fibres  then  became  visible.  The  fact 
that  the  slight  irritability  of  the  few  fibres  and  the  complete  unirrita- 
bility  of  the  great  majority  persisted  through  the  whole  twenty-three 
hours'  immersion  in  Ringer's  solution  is  strong  evidence  for  the  view 
that  the  irritability  of  a  frog's  muscle  fibre,  once  destroyed  by  distilled 
water,  cannot  be  restored  by  Ringer's  solution. 

It  is  clear,  then,  that  a  frog's  sartorius  placed  in  distilled  water  at 
from  15°  to  20°  becomes  rapidly  acid  and  loses  its  irritability  irretriev- 
ably in  about  twenty  minutes.  I  have  dwelt  at  some  length  on  the  lime 
at  which  the  irretrievable  loss  of  irrilabihty  occurs,  because  this  loss 
is,  as  nearly  as  can  be  judged,  sjTichronous  with  the  beginning  of  the 
first  loss  of  weight  which  occurs  in  a  muscle  immersed  in  distilled  water. 
Fig.  2  represents  in  some  detail  the  curve  of  change  in  weight  during 
the  early  stages  of  water  rigor.  It  will  be  seen  that  the  muscle  begins 
to  lose  weight  after  about  twenty  minutes.  Overton  has  demonstrated 
that  the  living  muscle  fibres  are  surrounded  by  osmotic  membranes 
permeable  to  water  and  to  many  organic  substances,  but  impermeable 
to  sugars  and  inorganic  salts;  these  membranes  are  easily  destroyed 
by  the  action  of  acids,'  That  the  destruction  of  the  osmotic  mem- 
branes surrounding  the  fibres  would  deprive  the  muscles  of  irritability 
is  clear  from  the  work  of  Overton.  He  has  shown  that  the  maintenance 
of  this  property  depends  on  the  existence  of  the  semi-permeable  mem- 
brane surrounding  the  fibre  with  the  muscle  salts  on  one  side  and  the 
blood  salts  {or,  at  any  rate,  a  considerable  proportion  of  NaCl)  on  the 
other.'    It  is  probable,  therefore,  that  both  the  first  loss  in  weight  and 

'  Overton:  Archiv  fUr  die  gesammte  Physiologie,  xdi,  pp.  115  and  356;  also, 
1904,  cv,  p.  ao7.  ■ 

*  Ovekton:  Loc.  cit.,  1902,  xdi,  p.  346, 
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the  loss  of  irritability  are  due  to  the  destruction  of  the  semi-pennsable 
properties  of  Overton's  membrane. 

Olstinclloa  batwaen  the  iwaUing  ol  living  ud  dead  miucla.  —  Over- 
ton recognized  quite  clearly  that  the  semi-permeable  membranes  sur- 
rotmding  the  fibres  exist  only  in  living  muscle,  and  that  dead  muscle  may 
be  made  to  imbibe  fluid  by  a  process  which  is  possibly  quite  different  from 
what  is  ordinarily  known  as  osmosis.  He  speaks  of  the  swelling  which 
muscle  may  undergo  in  strong  salt  solutions,  and  says  that  this  swell- 
ing may  be  due  to  the  formation  of  acid  and  consequent  increased 
tendency  toward  imbibition  ("Quellbarkeit")  in  some  part  of  the 
muscle.*  Fischer "  has  studied  in  some  detail  the  swelling  of  muscle 
in  various  solutions  of  acids,  bases,  sails,  and  sugars.  He  does 
not  consider  the  question  whether  his  tissue  was  living  or  dead,  and 
a  careful  study  of  his  observations  shows  that  the  latter  alternative 
must  always  have  been  the  case  long  before  the  end  of  the  experiment, 
and  usually  very  early  in  it.  His  results  do  not  at  all  conflict  with  thos;; 
of  Overton  which  demonstrate  the  semi-permeable  membranes  sur- 
rounding the  living  fibres;  Fischer's  results  show  simply  that  dead 
muscle,  like  solutions  of  fibrin,  gelatin,  and  other  colloids,  takes  up 
water  in  acid  and  alkaline  solutions  and  tends  to  lose  it  in  solutions  of 
Deutral  salts. 

The  differences  between  the  osmotic  properties  of  living  and  dead 
muscle  may  be  strikingly  demonstrated  in  the  followjng  manner,  A 
frog's  sartorius  is  placed  for  about  half  an  hour  in  distilled  water  (it 
may  be  supposed  that  the  temperature  in  this  and  all  the  succeeding 
manipulations  is  maintained  at  20°).  By  the  end  of  this  time  it  is  much 
swollen,  shortened,  and  acid;  the  irritability  is  entirely  destroyed, 
and  the  osmotic  membranes  surroimding  the  fibres  are  broken  down. 
This  muscle  is  now  immersed  for  several  hours  in  Ringer's  solution, 
at  the  end  of  which  time  it  will  have  regained  its  original  weight,  length, 
and  reaction,  though  it  will  still  be  completely  unirritable  to  electric 
stimuli.  Such  a  muscle  is,  however,  still  capable  of  gaining  in  weight 
and  shortening  when  immersed  in  distilled  water. 

But  the  curve  of  gain  in  weight  of  a  muscle  treated  in  this  way  is 
quite  different  from  that  which  is  obtained  when  a  fresh  muscle  is  placed 

•  Ovekton:  Loc.  cit.,  pp.  157  aod  158. 

'"  Fischer:  This  journal,  1907,  zx,  p.  330;  and  Arctuv  filr  die  gesanimte  Phjfsi- 
ologie,  1908,  cziir,  p.  69. 
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in  distilled  water.  Fig.  3  shows  the  manner  in  which  a  fresh  muscle 
takes  up  distilled  water;  Fig.  3,  that  characteristic  for  a  muscle  which 
has  been  treated  in  the  maimer  described  above.  It  will  be  seen  that 
the  curve  of  Fig.  a  is  exponential  in  character;  the  fresh  muscle  lakes 


PramE  a. —  Chsngei  in  weight  andergone 
bj  a  MrtoriiM  Immened  in  duiilled 
mter  of  whkh  the  tempentura  varied 
between  19*  uid  ao*. 


FicnxE  3.- 
by  a  uitoriuB  immened  in  diuitled 
wster  of  which  the  tempeisture  varied 
between  17°  and  17.5°.  The  omotic 
menbivnei  of  this  miucle  had  been 
destrojcd. 

up  most  water  in  the  first  five  minutes,  less  in  the  next  &ve  minutes, 
and  so  on.  The  dead  muscle,  on  the  other  hand,  takes  up  water  mor« 
and  more  rapidly  through  the  first  fifteen  or  twenty  minutes  of  its 
immersion. 

Another  interesting  difference  in  the  manner  of  swelling  of  living 
and  dead  muscle  is  brought  out  by  studying  the  effects  of  temperature 


FiGDKE  4. —  Changes  in  weight  undergone       Ficuiie  5. —  Change*  in  weight  undeigone 
b]r    a    iBTtorius    immersed    in    distilled  by   a   sartorius   immersed    in    distilled 

water  at  «■.     For  comparison  the  curve  water  at  <y.     (The  osmotic  membrane* 

of  Fig.  1.  is  drawn  in  as  a  dotted  line  of   this    muscle    bad    been    destroyed.) 

(see  p.  193).  •  For  comparison  the  curve  of  Fig.  3  is 

drawn  in  a*  a  dotted  line  (see  p.  193). 

OB  the  two  curves.  The  results  are  given  in  Figs.  4  and  5.  It  will  be 
,,*seen  that  the  fresh  muscle  takes  up  water  less  rapidly  at  0°  than  at  20" 
'.  only  in  the  first  five  minutes,  and  that  in  all  the  succeeding  periods  the 

intake  is  more  rapid  at  the  lower  temperature.    The  dead  muscle,  on 
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the  other  hand,  takes  up  water  more  slowly  at  the  lower  temperature 
through  the  £rst  twenty-five  minutes  of  immersion.  The  effects  of 
temperature  on  the  swelling  of  fresh  muscle  in  distilled  water  are  easily 
explained  on  the  hypothesis  that  this  swelling  is  dependent  on  the 
presence  of  semi-permeable  membranes  surrounding  the  fibres,  pro- 
vided that  certain  easily  demonstrated  facts  are  kept  in  mind.  It  has 
been  shown  already  that  a  muscle  placed  in  distilled  water  produces 
acid,  and  it  is  very  easy  to  show,  what  might  almost  be  taken  for  granted, 
that  the  acid  production  is  more  rapid  at  higher  temperatures. 

To  show  this  fdlow  sartorii  were  kept,  the  one  for  fifteen  minutes  in  dis- 
tOled  water  at  21",  the  other  for  half  an  hour  in  distilled  water  at  o".  At  the 
ends  of  these  periods  the  reaction  of  the  first  was  decidedly  more  add  than 
that  of  the  second.  In  another  case  the  temperatures  were  18°  and  0°,  and 
the  times  fifteen  and  forty-five  minutes  respectively.  The  reactions  of  the 
two  muscles  used  in  this  experiment  were  indistinguishable  from  one  anotber. 

If  these  facts  are  remembered  in  connection  with  the  fact  that  add 
destroys  the  semi-penneability  of  Overton's  membranes,  the  effect  of 
temperature  on  the  early  swelling  of  muscle  in  distilled  water  may  be 
explained  as  follows.  The  muscle  swells  more  rapidly  during  the  first 
five  minutes  at  the  higher  temperature  because  the  acid  is  formed  more 
rapidly  at  that -temperature  and  acts  at  first  with  the  salts  to  cause  a 
more  rapid  diffusion  of  water  into  the  fibres.  By  the  end  of  the  first 
five  minutes,  however,  the  acid  has  already  begun  to  destroy  the  semi- 
permeable membranes  of  the  outer  fibres;  these  begin  to  lose  fluid, 
and  their  loss  of  fluid  renders  slower  the  gain  in  weight  of  the  muscle 
as  a  whole.  At  o",  on  the  other  hand,  the  production  of  acid  and  con- 
sequent destruction  of  semi-permeable  membranes  is  very  much  slower, 
while  the  rapidity  of  the  physical  diffusion  of  water  into  the  muscle 
fibres  is  comparatively  litUe  affected.  As  a  consequence,  all  the  fibres 
swell  rapidly  from  the  fifth  minute  onward,  and  they  all  reach  their 
fullest  distention  much  more  nearly  at  the  same  time  than  is  the  case  at 
the  higher  temperature. 

In  the  dead  muscle,  the  process  by  which  water  is  absorbed  is  pro1 
ably  entirely  different.    As  the  salts  diffuse  out  of  the  tissue,  it  is 
dered  more  and  more  capable  of  absorbing  water.    During  the  first 
minutes  it  is  improbable  that  the  salt  content  of  any  but  the  outer  la; 
of  tissue  is  much  altered;  and  only  a  small  proportion  of  the  muscle, 
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therefore,  takes  part  in  the  process  of  imbibition.  But,  as  time  goes  on, 
the  salt  content  of  more  and  more  of  the  tissue  becomes  lowered,  and 
the  process  of  imbibition  in  the  muscle  as  a  whole  goes  on  faster  and 
faster  until  a  certain  proportion  of  it  becomes  saturated.  The  low 
temperature,  no  doubt,  slows  the  whole  proc- 
ess by  decreasing  the  rate  at  which  the  salts 
diffuse  out  of  the  tissue. 

The  swellings  of  living  and  of  dead  muscle 
may  be  most  sharply  distinguished  from  one 
another  by  comparing  their  behavior  in  solu- 
tions of  cane  sugar  slightly  hypertonic  to  0.7 
per  cent  NaCl  solution.     Living  muscle  main-  Figure  6.—  Changes  in  weight 

tains  its  original  weight  for  a  long  time  in     "."-^'^R""'  \^  f^'"8  *^"°; 
°  "  °  ,  rius  (broken  line)  and  a  dead 

such  solutions,  as  Overton  has  shown,  while 
muscle,  which  has  been  treated  first  with 
distilled  water  and  then  with  Ringer's  solu- 
tion, swells  quite  rapidly.  Fig.  6  shows  the 
changes  in  weight  undergone  by  fellow  sar- 
torli  imnfersed  In  7.5  per  cent  cane  sugar  so- 
lution. One  of  these  t.  usclcs  was  Immersed 
while  still  living  in  the  sugar  solution ;  the  other  was  first  treated  with 
distilled  water  and  Ringer's  solution  as  described  In  the  legend  under 
the  figure. 

Fischer's  main  results  are  that  dead  muscle  tends  to  swell  in  dis- 
tilled water  and  in  weak  acids  and  alkalies  and  to  lose  water  in  solu- 
tions of  neutral  salts.  The  following  experimerts  may  se 
confirmation  of  these  results : 

Absolute 
Bvight. 
gm. 


hypertonic)    i 


(unbroken 

;  (slightly 
sugar  so- 
The  dead 
muscle  had  been  treated 
an  hour  wilb  distilled  water, 
and  then  for  two  hours  with 
Ringer's  solution  at  21°. 


ke  as  a  rough 


0.07S 


> 


A  frog's  sartorius  weighed  fresh 

Alter  twenty-three  hours  in  distilled  water    .   .   . 

After  one  half  hour  more  in  0.7  per  cent  NaCI  sol.  o.ioi 

A  second  sartorius  weighed  fresh 0.081 

After  twenty-three  hours  in  distiiled  water    .    .    .  0.124 

Alter  one  half  hour  more  in  0.4  per  cent  lactic  acid  0.196 

A  third  sartorius  weighed  fresh 0.094 

Alter  twenty-three  hours  in  distilled  water     ,   .   ,  0135 

After  one  hall  hour  more  in  0.2  per  cent  NaOH  sol.  0.167 


-1-43 


Digitized  byGoOgIC 


200  Edzuard  B.  Meigs. 

The  temperature  of  the  fluids  used  in  all  three  experiments  varied 
between  19°  and  21°, 

In  5  per  cent  or  stronger  NaCl  solutions'  dead  muscle  tends  to  gain 
in  weight,  and  more  than  can  be  explained  by  supposing  that  the  gain 
is  due  merely  to  the  diffusion  of  salt  into  the  muscle.  The  following 
experiments  show  the  amount  of  gain  which  takes  place  under  these 
circumstances  : 

Absolute  Percentage 

weight.  change. 

gm. 
A   sarlorius    after    eighteen    hours    in   distilled 

water  weighed     0.250 

After  two  hours  more  in  5  per  cent  NaCI  sol.  .  .  0.270  +8 

A  semitendinosus   after    four  hours  in  distilled 

water  weighed     o-S43  

After  five  hours  more  in  5  per  cent  NaCI  sol.  .  .  0.277  +'4 

A   second    semitendinosus    after  four  hours   in 

distilled  water  weighed 0.191  ... 

After  five  hours  more  in  10  per  cent  NaCI  sol.    .   0.229  +20 

The  temperature  in  these  ex;)eriments  varied  between  20°  and  21° 
It  is  evident,  of  course,  that  the  diffusion  of  salt  into  a  muscle  from  , 
5  per  cent  solution  could  account  for  a  gain  in  weight  of  only  somethin, 
less  than  5  per  cent,  unless  there  was  some  accompanying  increase  i 
volume.    In  the  same  way  a  muscle  could  not  gain  more  than  10  p- 
cent  in  weight  from  a  10  per  cent  salt  solution,  unless  there  was  an  a 
companying  increase  in   volume.     But   in  the  experiments  given  1 
muscles  gain  respectively  8  per  cent  and  14  per  cent  in  the  5  per  a 
solulions,    and    20  per   cent    in   the   10  per   cent   solution.     It  m- 
be  therefore  that  these  strong  salt  solutions  produce  a  tendency- 
ward   actual   increase   in 
to  certain  obsen-ations  on 
rc|)orted. 

M  these  facts  show  th; 
two  distinct  kinds  of  swel 
the  peculiar  scmi-pcrmca 
slraied;  this  kind  of  swcl 

"  Moore  and  Roaf  : 
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and  can  impress  their  form  on  a  mould  indicates  that  the  sarcoplasm 
must  flow  away  during  these  manipulations. 

It  follows  from  these  considerations  that  the  second  gain  in  weight 
of  muscle  in  distilled  water  (see  Fig.  i)  is  purely  the  result  of  the  swell- 
ing of  the  sarcostyles.  For  the  beginning  of  the  first  loss  of  weigh: 
must  mean  the  destruction  of  the  osmotic  properties  of  Overton's  mem- 
branes; and  after  this  happened,  the  fluid  sarcoplasm  could  take  no 
further  part  in  the  swelling  of  the  muscle,  unless  it  be  supposed  that 
the  membranes  arc  built  up  again.  But  this  supposition  is  impossible, 
for  it  has  been  shown  (sec  pp.  196,  199  and  Figs.  3,  4,  5,  and  6)  that 
the  swelling  of  muscle  after  the  destruction  of  Overton's  membranes 
is  of  such  a  character  as  to  preclude  the  possibility  that  it  has  anything 
to  do  with  the  existence  of  such  membranes. 

Soxomftty  of  tha  chaiigas  prodac«il  bjr  distilled  wkter.  —  The  follow- 
ing description  of  the  processes  which  occur  in  a  muscle  immersed  in 
distilled  water  will  serve  as  a  summary  of  the  observations  so  far 
reported. 

The  fibres  of  a  sartorius  immersed  in  distilled  water  at  20"  C.  take 
up  water  rapidly  by  a  purely  physical  process  for  a  period  of  about 
twenty  minutes.  The  consequent  dilution  of  the  fibre  contents  results 
in  a  production  of  lactic  acid,  which  begins  in  less  than  five  minutes 
after  the  beginning  of  the  experiment.  The  presence  of  the  lactic  acid 
causes  in  the  first  place  a  tendency  for  the  sarcostyles  to  absorb  fluid; 
in  the  second,  it  destroys  the  irritability  of  the  muscle  and  the  osmotic 
properties  of  the  membranes  surrounding  the  fibres.  The  destruction 
of  these  osmotic  membranes  results  in  a  passage  of  fluid  from  the  sar- 
coplasmic spaces  to  the  exterior;  the  absorption  of  fluid  by  the  sarco- 
stjlcs,  howc\er,  is  not  affected  by  this  and  continues  through  the  whole 
coura'  of  it,  so  that  for  a  period  of  about  two  hours  fluid  is  passing  from 
the  sarco])Iasmic  spaces  to  the  sarcostyles  on  the  one  hand  and  to  the 
c.Merior  on  the  other.  At  the  end  of  about  two  hours  there  is  no  longer 
any  tendency  for  fluid  to  pass  from  the  sarcoplasmic  spaces  to  the  ex- 
leritjr;  the  sarcostyles,  however,  go  on  absorbing  fluid,  the  muscle  as  a 
wh(ile  begins  to  gain  in  weight,  and  continues  to  do  so  for  from  two  to 
four  hours  more.  During  all  this  time  lactic  acid  has  been  escaping 
fairly  nipidly  from  the  muscle  to  the  surrounding  fluid.  I  have  made 
sure  lit  this  point  by  applying  the  thiophene  test  for  lactic  acid  "  to 
"  luiiiiiKK  un>l  lIofKiNs:  The  journal  of  phx-sJolog},  1907,  xxxv,  p.  308. 
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bodies  of  distilled  water  in  which  muscles  have  been  kept  for  various 
periods.  It  is  easy  to  demonstrate  considerable  quantities  of  lactic  acid 
in  water  in  which  muscle  has  been  kept  for  only  an  hour.  No  doubt 
the  production  of  lactic  acid  by  the  muscle  becomes  gradually  slower 
and  finally  stops;  but  before  the  final  stoppage  a  point  must  be  reached 
where  the  acid  escapes  to  the  surroundings  faster  than  it  is  formed.  As 
soon  as  this  happens  the  acid  reaction  of  the  muscle  begins  to  be  reduced 
and  with  it  the  power  of  the  sarcostyles  to  absorb  and  hold  water.  This 
probably  accounts  for  the  very  slow  loss  of  weight  by  the  muscle  from 
the  fifth  or  sixth  hour  onward. 

Pakt  II.    The  Changes  in  Length  which  accompany  the 
Changes  in  Weight  described  in  Part  I. 

Exiiting'eTiduica  for  tha  visw  tlut  daad  aucoitylei  nuy  be  mada  to 
■horton  by  incroKung  tboir  Tolnma.  —  If  the  above  account  of  the  changes 
which  take  place  in  a  muscle  immersed  in  distiUcd  water  be  correct,  the 
tissue,  after  a  considerable  period  of  immersion,  is  an  interesting  object 
for  study.  The  osmotic  membranes  of  the  fibres  have  been  destroyed, 
the  superfluous  fluid  has  escaped  from  the  sarcoplasmic  spaces,  the 
power  of  producing  lactic  acid  has  probably  been  lost,  and  the  tissue 
(it  is  perhaps  hardly  justifiable  lo  call  it  any  longer  a  muscle)  is  to 
all  intents  and  purposes  a  bundle  of  dead  sarcostyles,  which  may 
be  caused  to  swell  by  certain  artificial  means  and  to  lose  water  by 
certain  others. 

McDougall's  theory  of  muscular  contraction  supposes  that  the  sarco- 
styles of  living  muscle  are  so  construcled  that  any  increase  in  their 
volume  tends  lo  cause  ihcm  to  shorten ;  and  he  has  gi\'en  some  evidence 
to  show  that  the  sarcoslyies  of  insects'  wing  muscles  retain  this  property 
after  they  have  been  killed  by  certain  fixing  reagents."  This  evidence, 
however,  depends  on  the  making  of  rather  difiicult  microscopic  ob- 
5cr\ations,  and  would  be  much  strengthened  by  support  gained  from 
obser\ations  on  other  kinds  of  muscle. 

Htirthle,  though  he  is  on  the  whole  hostile  to  McDougall's  Iheory, 

has  furnished  some  evidence  of  this  sort.    He  finds  that  the  fibres  of  the 

leg  muscles  of  insects  may  be  dried  in  a  sulphuric  acid  desiccator  at 

about  —15°  C,  and  that  if  they  are  then  immersed  in  glycerine  they 

"  McDougall:  The  journal  of  anatomy  and  physiology,  1897,  xxxi,  p.  430. 
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assume  an  appiearance  closely  resembling  that  of  the  uncontracted 
living  fibres.  If,  however,  such  fibres  are  placed  in  water  or  Ringer 
solution,  they  swell  more  or  less  and  at  the  same  time  shorten  to  about 
half  their  previous  length  and  undergo  all  the  microscopic  changes 
which  occur  in  the  living  contracting  fibres.'"  Hurthle  admits  that  these 
observations  show  that  his  dried  fibres  have  the  mechanical  structure 
attributed  by  McDougall  to  the  living  muscle,  but  he  seems  to  think 
that  this  structure  is  either  acquired  during  the  process  of  drying  or  else 
is  present  by  chance  in  the  living  muscle  and  not  used  in  the  normal 
process  of  contraction. 

To  my  mind  both  these  suppositions  are  in  the  highest  degree  im- 
probable. It  requires  some  ingenuity  to  construct  a  machine  which 
will  shorten  at  all  when  the  volume  of  its  contents  is  increased,  and  to 
produce  a  machine  which  will  shorten  to  less  than  two  thirds  of  its 
original  length  under  such  circumstances  is  a  mechanical  problem  oE 
extreme  difficulty.  If  the  muscle  has  such  a  structure,  it  is  hardly  con- 
ceivable that  it  is  there  by  chance  or  grows  while  the  tissue  is  being 
dried  at— 15°  C,  And  why  should  the  dried  muscle  "undergo  all 
the  microscopic  changes  characteristic  of  normal  contraction,"  if  its 
shortening  has  no  relation  to  that  which  occurs  under  physiological 
circumstances  ? 

Dstoiled  avideiicQ  for  HcDougall'B  theonr  from  ftog'a  mnicls.  —  The 
study  of  frog's  muscle  treated  with  distilled  water  furnishes  evidence 
for  the  view  that  this  form  of  muscle  also  has  the  structure  attributed 
by  McDougall  to  striated  muscle,  and  that  this  structure  persists  to  a 
certain  extent  after  what  is  commonly  called  the  death  of  the  muscle. 
It  is  to  the  presentation  of  this  evidence  that  the  succeeding  paragraphs 
are  to  be  devoted. 

In  experimenting  on  the  changes  of  length  undergone  by  frog's  muscle 
immersed  in  distiUed  water  and  in  various  soludons  of  electrolytes  and  non- 
electrolytes  1  have  uniformly  used  the  sartorius.  The  muscle  was  arrai^ed 
to  record  on  a  slow  kymograph  while  immersed  in  the  solutions,  and  was  in 
all  cases  under  a  tension  of  1  gm.  The  temperature  was  usually  in  the  neigh- 
borhood of  20°.  I  have  not  thought  it  worth  while  to  publish  reproductions 
of  the  original  records,  because  these  are  often  of  an  inconvenient  shape,  and 
the  details  of  the  curves  vary  so  much  under  even  the  same  experimental  con- 
ditions that  no  single  example  can  be  considered  typical.     The  chief  data 

'°  HOrthle;  Archiv  fur  die  gesammle  Physiol ogie,  [909,  cxxvi,  pp.  135-130. 
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obtained  from  the  records  have  been  transfeired  to  diagrams,  which  give  the 
general  outlines  of  the  curves  with  suffident  accuracy. 

Fig.  7  shows  Ihe  changes  in  length  of  a  muscle  immersed  for  eleven 
hours  in  distilled  water  at  20°.  It  will  be  seen  that  the  muscle  shortens 
at  a  gradually  decreasing  rate  for  some  four  hours  and  then  lengthens 
very  slowly  for  the  next  seven.  If  Fig.  7  be  compared  with  Fig.  i,  which 
gives  the  weight  changes  under  similar  circumstances,  it  will  be  seen 
that  the  cune  of  length  change  corresponds  fairly  well  with  that  portion 


PiGVEE  7. —  Changes  in  length  undergone      Ficpke  8. —  Changes  \a  lengih  undergone 
by   a  lartorius    immersed    in    distilled  by  a  urtorius    immersed  first    in  dis- 

waler  at  ao".  tilled  water  and  then  (arrow)  in  0.7  per 

cent  NaCl  solution  of  which  the  tem- 
perature varied  between  31.5°  and  it". 

of  the  weight-change  curve  which  may  be  supposed  to  represent  the 
course  of  the  swelling  of  the  sarcostyles  {the  dotted  line  in  Fig.  i  repre- 
sents the  hypothetical  early  swelling  of  the  sarcostyles  which  is  masked 
by  changes  in  the  amount  of  fluid  contained  in  the  sarcoplasmic  spaces). 
The  fact  that  the  length-change  curve  reaches  its  highest  point  two 
hours  earlier  than  the  other  may  be  due  to  individual  variation,  but  it 
has  more  probably  another  explanation  which  will  be  considered  later 
(see  pp.  209  and  210). 

A  muscle  in  water  rigor  may  be  made  to  lengthen,  by  substituting 
0.7  per  cent  NaCi  solution  for  the  distilled  water.  I  have  tried  this  sub- 
stitution at  various  stages  up  to  twelve  hours  and  have  found  that  the 
contraction  may  always  be  made  to  disappear  entirely.  Fig,  8  repre- 
sents the  effects  of  applying  0.7  per  cent  NaCl  solution  at  an  earlier 
stage  of  rigor,  and  Fig.  9,  the  same  thbg  at  a  later  stage.  It  is  highly 
probable  that  the  muscle  retains  the  power  of  lengthening  under  the 
influence  of  0.7  per  cent  NaCI  solution  indefinitely,  but  I  have  not 
thought  it  worth  while  to  carry  the  experiments  beyond  twelve  hours. 

The  water-rigor  contraction,  at  least  in  its  early  stages,  is  more  rapidly 
removed  by  a  0.7  per  cent  solution  which  contains  a  small  amount  of 
NaHCOj  than  by  a  pure  0.7  per  cent  NaCl  solution.    Figs,  8  and  10 
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arc  curves  of  water  rigor  and  its  removal  made  from  companion  muscles 
under  similar  conditions  of  temperature,  weighting,  etc.  In  Fig.  8  the 
distilled  water  was  replaced  after  one  hour  by  pure  0.7  per  cent  XaCl 
solution,  and  in  Fig.  10  by  0.7  per  cent  NaCl  solution  to  which  0.03  pa 
cent  of  NaHCOa  had  been  added. 

It  may  be  shown  that  0.7  per  cent  NaCl  solution  to  which  0.03  per 
cent  NaHCOa  has  been  added  removes  the  acid  reaction  of  a  musde 
in  water  rigor,  while  pure  0.7  per  cent  NaCI  solution  has  little  or  no 
tendency  to  do  so. 


FiGtmE  p.— Changes  in  ihe  length  of 


length   undn 


s  immersed  first  in  distilled  water,  then  gon;  by  a  sartorius  immersed  fiisl  \: 

in  0.7  per  cent  NaCl  solution  (first  arrow)  distilled  water  and  then  io  a  mimm 

and  finally  in  0.4  per  cent  lactic  acid  (second  containing  0.7  per  cent  NaCl  and  o.c; 

arrow).    The  temperature  varied  tietweeD  per  cent  NaHCO,  (arrow).     The  ttia 

90°  and  la'.  perature  varied  between  »i.5°  and  21°. 

To  show  this  three  sartorii  of  as  nearly  as  possible  the  same  size  were  seleclcd 
and  placed  in  distilled  water  at  20°.  At  the  end  of  an  hour  sartorius  i  was  re- 
moved from  the  distilled  water  and  placed  in  the  above-described  mizture  of 
NaCl  and  NaHCO,;  sartorius  2  was  placed  in  pure  0,7  per  cent  Nad  solu- 
tion; and  sartorius  3  was  left  in  distilled  water.  After  two  hours  more  tht 
reactions  of  the  three  muscles  to  htmus  were  compared  with  each  other. 
Sartorii  3  and  3  were  strongly  acid  and  indistinguishable,  from  one  anotirn 
in  reaction;  sartorius  i  had  the  same  reacdon  as  a  fresh  muscle. 

There  is  little  doubt  that  the  NaHCO,  removes  the  acid  reaction  of 
miisclfs  in  water  rigor  by  reacting  with  the  lactic  acid  to  form  sodium  lac- 
tate, water,  and  Ct),.  It  is  not,  however,  simply  a  matter  of  the  muscle's 
assuminj;  the  reaction  of  the  solution  in  which  it  is  immersed.  A  fresh 
muscle,  though  ver\-  nearly  neutral  in  the  ph>-^ico-chemical  sense,  turns 
purple  litmus  decidetUy  towanl  the  blue,  and  the  same  thing  is  true  of 
a  miistlf  which  has  been  thrown  into  water  rigor  and  then  immersed 
for  some  hours  in  a  solution  containing  0.7  per  cent  XaCI  and  0-03  per 
cent  NhMCO,  The  solution  itself,  however,  has  no  effect  on  the  color 
o(  purple  litmus. 
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The  removal  of  the  water  rigor  contraclion  by  0,7  per  cent  NaCl  solu- 
tion and  more  rapidly  by  the  mixture  of  NaCl  and  NaHCO,  is  readily 
explained  on  the  hypothesis  that  the  contraction  in  question  is  the 
direct  mechanical  result  of  the  swelling  of  the  sarcostyles.  It  was  shown 
in  the  first  part  of  this  artcle  that  muscle,  which  has  been  caused  to 
swell  by  several  hours'  immers'on  in  dist  lied  water  loses  fluid  when 
transferred  to  0.7  per  cent  NaCI  solution  (see  p.  199},  If  shortening 
is  the  result  of  swelling  of  the  sarcostyles,  then  lengthening  may  be  ex- 
pected as  the  result  of  any  process  which  tends  to  reduce  that  swelling. 
It  was  shown  also  in  the  first  part  (p.  199)  that  an  acid  reaction  tends 
to  produce  swelling,  and  it  is  easy  to  see,  therefore,  why  NaHCO,, 
which  removes  the  acid  reaction,  should  hasten  the  lengthening. 

Solutions  which  contain  large  quantities  of  NaHCOj  (as,  for  instance, 
a  solution  containing  0.35  per  cent  NaCl  and  0.5  per  cent  NaHCOJ 
are  less  effective  in  removing  the  water-rigor  contraction  than  those 
which  contain  srnall  amounts.  This  fact  is  readily  explained  by  the 
considerations  that  alkalies  as  well  as  acids  tend  to  cause  muscle  to 
swell,  that  NaHCOj  solutions  have  a  slightly  alkaline  reaction,  and  that 
the  greatest  efi'ect  in  removing  the  swelling  would  therefore  be  obtained 
with  a  solution  which  contained  enough  NaHCO,  to  react  with  the  com- 
paratively small  amount  of  lactic  acid  formed  by  the  muscle,  but  not 
enough  to  produce  any  appreciable  alkaline  reaction. 
'  A  muscle  which  has  been  thrown  into  water  rigor  and  then  brought 
back  to  its  original  length  by  0.7  per  cent  NaCl  solution  or  by  Ringer's 
solution  may  be  made  to  shorten  again  by  immersion  in  a  swelling 
reagent.  The  amount  of  this  second  shortening  is  variable,  and  depends, 
among  other  things,  on  the  time  which  has  elapsed  since  the  death  of 
the  muscle,  and  on  the  temperature  of  the  fluids  in  which  it  has  been 
kept.  It  has  been  pointed  out  that  the  ability  of  a  body  to  shorten  under 
the  influence  of  distention  depends  on  its  possessing  a  peculiar  struc- 
ture. It  is  a  priori  not  improbable  that  dead  muscle  should  gradually 
lose  this  structure,  and  the  fact  that  it  gradually  loses  the  power  of 
shortening  imder  the  influence  of  distention  may  be  taken  as  confirma- 
tion of  this  view.  Fig.  9  gives  an  example  of  the  shortening  produced 
by  weak  lactic  acid.  I  have  experimented  also  with  distilled  water, 
slightly  hypertonic  cane-sugar  solution*5,  HCl,  NaOH,  and  KOH,  all 
of  which  have  been  shown  to  produce  swelling  in  dead  muscle  (see  Figs. 
3  and  6,  pp.  197, 199,  and  Fischer,  Loc.  cU.,  on  p.  ig6).    AU  of  these  re- 
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agents  produce  more  or  less  shortening;  that  produced  by  the  sugar 
solutions  is  slowest;  by  distilled  water,  next;  while  the  acids  and  alka- 
lies produce  a  comparatively  rapid  shortening.  Unless  these  are  ven 
dilute,  however,  the  shortening  lasts  only  a  few  seconds,  and  is  theo 
succeeded  by  lengthening.  This  lengthening  may  go  on  until  the  musde 
is  much  longer  than  its  normal  extended  length ;  at  the  same  time  ii 
loses  most  of  its  tensile  strength  and  assumes  a  jelly-Ulie  consistency 
and  a  peculiar  transparent  appearance. 


20*     30"     4cr         so*        w    70-         2D-       3cr  40'  SO"    w  70"      2tr3<r«5cr«nr 

A  B  c 

Figure  ii.  — The  effects  of  heat  on  the  length  of  fFCsh  saitorius  (A),  a  frog's  lendon 
(B),  and  a  sartorius  (C)  which  had  been  treated  for  eighteen  hours  with  distilltd 
water  at  3o°  and  then  for  two  hourf  *ith  0.7  p;r  cent  NaCI  solution  at  10°.  Tb 
beat  shortening  of  the  d;ad  muscle  occurs  at  about  the  same  temp:raturc  as  that  01 
the  tendon. 

It  has  been  known  for  a  long  time  that  muscle  fibres  may  be  broken 
up  into  "discs"  by  the  action  of  acids,  and  it  seems  highly  probahJe 
that  this  breaking  up  of  the  muscle  fibres  accounts  for  the  great  Icngih 
ening  and  the  loss  of  tensile  strength  under  the  influence  of  compara- 
tively strong  acids  and  alkalies.  Such  a  process  would,  of  course,  de- 
stroy the  structure  which  enables  the  sarcostyles  to  shorten  under  the 
influence  of  distention,  and  after  its  occurrence  the  muscle  would  swell 
in  every  dimension  like  any  structureless  body. 

It  has  been  shown  in  Part  I  (p.  200)  that  solutions  of  NaCl  above 
5  per  cent  cause  the  swelling  of  muscle  which  has  been  treated  with  dis- 
tilled water.  Such  strong  salt  solutions  cause  muscles  in  water  rigor 
to  lengthen  more  rapidly  than  do  0.7  per  cent  NaCl  solutions.  Bui 
muscles  which  have  been  caused  to  lengthen  by  5  per  cent  NaCl  stJu- 
lions  cannot  be  caused  to  shorten  again  by  distilled  water,  acids,  aiKi 
alkalies,  and  it  is  therefore  highly  probable  that  the  lengthening  under 
these  circumstances  is  the  result  of  rupture  of  the  sarcostyles. 

Heat  has  an  interesting  effect  on  muscle  which  has  been  treated  for 
several  hours  with  distilled  water  and  of  which  the  water-rigor  contrac- 
tion has  then  been  partially  removed  by  Ringer's  solution.    Fig.  11  C 
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gives  the  effect  of  heating  such  a  muscle  gradually  to  70°  and  may  be 
compared  with  Fig.  11  -4,  which  represents  the  heat  curve  of  a  fresh 
sartorius,  and  Fig,  11  B,  which  is  the  heat  curve  of  a  piece  of  frog's 
tendon.  It  will  be  seen  that  the  dead  muscle  instead  of  shortening  at 
about  40"*,  as  does  the  living  muscle,  lengthens  up  to  a  temperature  of 
about  55°  and  particularly  from  35°  onward.  It  may  be  shown  that 
heating  a  muscle  which  has  been  treated  in  the  manner  described  causes 
a  considerable  decrease  in  its  weight.  At  about  55°  in  all  three  cases 
there  appears  the  marked  heat  shortening  which  occurs  near  this  tem- 
perature in  almost  all  animal  tissues. 

It  is  a  very  interesting  fact  that  a  muscle  in  the  late  stages  of  water 
rigor  may  be  made  to  lose  water  simply  by  stretching  it.  The  following 
is  the  description  of  a  t_vpica!  experiment: 

A  frog's  sartorius  was  immersed  in  distilled  water  for  seventeen  hours 
at  20°,    At  the  end  of  this  time  it  weighed  o.ia6  gm. 

It  was  then  put  under  a  tension  of  5  gm.,  while  still  immersed  in  the 
distilled  water  at  the  same  temperature. 

Absolute  weight.      Percentage 
Gm.  change. 

After  thirty  minutes  it  weighed o.Jio  —7 

After  thirty  minutes  more 0.195  ~7 

After  thirty  minutes  more 0.190  —  a.6 

Total  loss 0.036  —16 

The  tension  was  then  released,  and  the  muscle  was  allowed  again  to  lie  in 

the  water  with  its  ends  free.    After  thirty  minutes  it  weighed  0.199  8™-i  * 

gain  of  4.7  per  cent. 

This  and  other  similar  experiments  leave  no  doubt  of  the  fact  that 
water  may  be  driven  out  of  a  muscle  in  water  rigor  by  tension,  and  that 
the  muscle  tends  to  go  back  to  its  original  weight  as  soon  as  the  tension 
is  released.  These  facts  again  are  readily  explained  on  McDougall's 
h>-pothesis,  which  carries  with  it  the  corollary  that  the  weight  which 
can  be  lifted  by  contracting  muscle  depends  on  the  internal  pressure 
which  can  be  brought  to  bear  on  the  walls  of  the  sarcostyles.  Hence  any 
weight  stretching  the  muscle  would  increase  the  pressure  within  the 
sarcostyles  and  tend  to  drive  fluid  out  of  them,  I  was  led  to  try  this 
experiment  and  enabled  to  predict  its  result  from  the  considerations 
which  have  been  outlined. 


Digitized  byGoOgIC 


210  Edward  B.  Meigs. 

The  fact  ihal  stretching  a  aii:=de  in  waier  Hjor  tends  to  drive  waler 
out  of  it  explains  the  faci  ihai  in  =t  expenments  the  spontaneous  re- 
\-ersal  of  the  water-ngor  contrac::on  occ-ired  eariier  than  the  beginnin:; 
of  the  second  loss  of  we;:;h:  see  p.  2z^,  and  Figs,  i  and  7).  Tho* 
muscles  in  which  the  char.i:es  in  ie^sth  were  followed  during  Ions 
periods  of  immerson  ia  cijiil^e-i  waier  were  alwaj-a  stretched  by  a 
weight  of  I  gni,;  while  the  n:,;icles  of  which  the  cbanges  in  weight  were 
followed  were  allowe-i  to  lie  uasire;che-i  in  :he  disJiUed  water.  The 
muscles  of  which  the  chances  in  k-:^£r.h  were  :c-"3wed,  therefore,  prob- 
ably bei;an  to  lose  weichi  earlier  0;an  ^".e  others,  and  the  discrepanct 
between  ihe  time  at  which  :he  shcr-enisj:  Is  reversed  and  that  at  which 
the  second  increase  ia  woi;h:  is  reversed  is  orJy  apparent. 

The  ideas  and  obse^\■a:i.^ns  e— bocic-d  la  ".he  fore^:>;Eg  anicle  luniish 
an  interesting  e."crlina::,-'a  of  certain  facts  reported  by  Overton,  who 
found  that  muscles  kept  ia  h-.T>rt^aic  XaCl  solutions  above  0.35  per 
cent  do  not  take  up  as  rsuch  wj;er  as  they  shatili  if  all  pans  of  the 
tissue  tiv>k  part  in  the  pr^vess.  He  o>acluies  that  a  pan  of  the  water 
n-i;hin  the  muscle  nbres  is  htii  by  the  sc'.;i  constituent  of  the  iibres  ic 
a  form  which  he  .'esi^ates  as  "  Quvllur.rswasser."  or,  in  other  words, 
that  some  consti;uonts  o:  the  nbres  take  a:>  r.art  in  the  swelling  that  L^ 
iin.ierjone  by  the  muscle  as  3  wh.le  ia  such  so".u::,-»as,^  I  have  shown 
that  muscle  intntorsed  ia  hy-r*>: ,->-:c  XaCl  sc>'.uti,->ns  abo\-e  0-3  per  cent 
i:n,leri:vX*s  no  shortenir.;:.-  aai  this  wc^uii  indicate,  according  to 
Mcl\iui:.ill"s  h\-Tv;hosis.  that  the  sarrctsty'.es  take  up  no  water  under 
such  circumstanci-s.  It  s*vTr^  there  :\>re.  quite  wssib'e  that  the  sarco- 
stylcs  are  the  tvrti.T.s  o;  the  muscle  ibre  which  fail  10  take  i:p  waier 
from  the  soluti.^ns  in  iiui'st;,''3, 

Ta  the  ilrs;  pan  o:  this  article  tunhcr  e^"i.ieace  was  added  to  thai 
which  has  alnwdy  been  pvca  by  O'crt.^n  and  others  to  show  thai 
striate.!  r.\u?o:e  is  civuMe  ot  fav  .iisti-ct  kinds  «  swelling.  The  tasi 
of  thest-  is  liitvnder.t  on  the  tvtss<"s>i.^n  hy  the  — tiscle  abre  of  an  osmotic 
membrane  ;x-rtno.ibie  10  ivater.  bu:  a,"*;  tc  ta.'-riranic  salts  and  a  number 
o:  other  crys;.',iiv\.i  s.tbst.-.r.cvs;  the  seccad  is  m^is;  readily  studied  after 

*  «.>»ti;t\^v:  Ar>.>.;x  far  uir  pcjyi^.Trtf  r>:?s.x-.-«w.  looi,  sm,  pp.  153-143. 

*  Mv;.s:  This  _'i«m»i,  io,v^  ruL  rv  *iS. 
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the  destruction  of  the  osmotic  membranes  surrounding  the  fibre,  and 
is  akin  to  the  swelling  of  fibrin  and  gelatin  in  distilled  water,  acids,  and 
alkalies.  Reasons  were  given  for  believing  that  the  second  kind  of  swell- 
ing is  a  property  of  the  muscle  sarcostyles  alone. 

The  facts  which  have  been  reported  in  Part  II  may  justly  be  taken 
to  show  that  the  sarcostyles  of  frog's  striated  muscle  are  so  constructed 
that  any  increase  in  their  volume  brings  about,  as  a  necessary  mechanical 
result,  a  decrease  in  their  length.  It  had  already  been  shown  that  the 
sarcostyles  tend  to  swell  in  acid  solutions,  and  it  may  be  shown  that 
the  condition  known  as  rigor  is  always  accompanied  by  the  accumula- 
tion of  lactic  acid  within  the  muscle.  Fletcher  and  Hopkins  have 
demonstrated  this  for  death  rigor,  heat  rigor,  CO  rigor,  chloroform 
rigor,  and  the  more  rapid  death  rigor  which  is  brought  on  by  lack  of 
oxygen  and  fatigue.  Du  Bois-Reymond  has  shown  the  same  thing  for 
water  rigor  and  the  rigor  brought  on  by  freezing  and  thawing,  and  I 
ha\e  shown  it  more  fully  for  water  rigor  and  for  the  rigor  which  is  brought 
on  by  strong  hypertonic  solutions."  It  may  be  said,  therefore,  that  all 
forms  of  rigor  are  explained  by  the  considerations  above  set  forth;  the 
accumulation  of  acid  within  the  muscle  results  in  a  swelling  of  the  sarco- 
styles at  the  expense  of  the  sarcoplasmic  fluid,  and  the  shortening  of 
these  elements  is  the  direct  mechanical  result  of  their  increase  in  volume. 
The  removal  of  rigor  by  salt  solutions,  and  particularly  by  salt  sfjlutions 
which  contain  small  amounts  of  NaHCO,  and  therefore  tend  to  remove 
the  acid  reaction  of  the  muscle,  are  also  explained,  .^nd  as  it  has  been 
shown  that  the  sarcosiyles  pos^ss  the  structure  attributed  to  them  by 
McDougaU,  that  the  contraction  of  rigor  is  the  rc^jult  of  the  action  of 
lactic  acid  on  this  structure,  and  that  lactic  acid  is  formed  undtT  the 
physiological  conditions  which  bring  about  contraction,**  it  ')•,  diiTicult 
not  to  think  that  McDougall's  main  contention  is  coirecl  —  that  the 
contraction  of  striated  muscle  is  the  rc-suh  of  the  swellin;;  of  the  sarco- 
styles. which,  in  its  turn,  is  brought  alxjtit  by  the  forma'.ion  v,:-.}.:n 
them  of  minute  quantities  of  lactic  acid. 

*•  Metes :  TTie  journal  of  phvii.il'igy,  t'fxf,  ixdi.  p.  ^%~. 

•*  FtETCHea  and  Hopkins  :  The  journal  of  p-ivii  A  ,^,  1907,  ixrr.  p  147. 
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the  most  carefully  conducted  and 
makes  evident  the  importance  o 
ie  that  the  yields  of  the  several  air 
more  nearly  quantitative.  A  stud 
inine,  hislidine,  lysine,  and  ammt 

showed  that  these  give  results  w 

The  chief  source  of  the  deficit,  tJ 
ions  of  the  mono-amino-acids  or  ir 
lydrolysis  of  a  large  proportion  of 

consequently  thought  it  well  w 
e  to  a  study  of  some  modificatiot 
red  the  results  obtained  by  appi 
ed  by  following,  as  closely  as  we  « 
her. 

ind  the  results  obtained  are  give 
isideration  of  the  methods  of  ana 
lunt  of  each  of  the  several  amino-s 
ill  be  considered  in  another  paper  ; 


i  AND  TiLLOTSON'S   METHOD 

IG  Organic  Acids. 

med  our  attention  was  the  proces 
that,  by  applying  the  method  rece 
were  shared  by  the  Connecticut  A^cal 

of  Washington. 
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proposed  by  Phelps  and  TiUotson '  for  esterifying  organic  acids,  not 
only  less  time  and  labor  would  be  required,  but  also  a  better  yield  of 
esters  might  be  obtained. 

This  method  consists  in  continuously  passing  a  current  of  the  vapors 
of  absolute  alcohol  through  an  alcoholic  hydrochloric  acid  solution  of 
the  chlorides  of  the  amino-acids  to  which  is  also  added  some  zinc  chloride 
as  a  catalyzer.  As  the  solution  is  kept  during  the  process  at  a  tempera- 
ture slightly  above  100°,  water  is  removed  by  the  alcohol  vapors  as  fast 
as  it  is  formed,  and  theoretically  a  much  more  complete  esterificalion 
should  result  sooner  than  when  the  water  is  removed  by  repeated  evapo- 
rations with  large  quantities  of  alcohol. 

In  order  to  test  this  method  first  on  the  pure  amino-acids  we  dis- 
solved 20  gm.  of  leucine  in  30  c.c.  of  alcoholic  hydrochloric  acid,  added 
So  c.c.  of  absolute  alcohol,  and  4  gm.  of  zinc  chloride  The  vapors  of 
900  c.c.  of  absolute  alcohol,  containing  35  c.c.  of  alcoholic  hydrochloric 
acid,  were  passed  during  six  hours  through  the  mixture,  heated  to  about 
105°.  The  esters  were  then  set  free  and  extracted  with  ether  accord- 
ing to  the  method  described  by  Fischer.  After  saponifying,  17.76  gm. 
of  leucine,  or  88.8  per  cent  of  the  original  amount,  were  recovered. 

Twenty  grams  of  glutaminic  acid,  treated  in  a  similar  manner  for 
four  hours  with  the  vapors  of  500  cc  of  absolute  alcohol,  containing 
18  c.c.  of  alcoholic  hydrochloric  acid,  yielded  21.17  S™-  °^  glutaminic 
acid  hydrochloride,  or  85  per  cent  of  the  theoretical.  In  this  case  the 
ether  solution  of  the  esters  contained  some  zinc  chloride  which  was 
separated  from  the  glutaminic  acid  by  hydrogen  sulphide. 

Twenty  grams  of  1-proline  and  3  gm.  of  zinc  chloride  were  dissolved 
in  25  cc.  of  absolute  alcohol  together  with  15  c.c.  of  alcoholic  hydro- 
chloric acid,  and  the  vapors  of  600  cc.  of  absolute  alcohol,  containing 
zo  cc.  of  alcoholic  hydrochloric  acid,  were  passed  through  the  solution 
heated  to  ioo°-io3°  during  five  hours.  From  the  esters  thus  produced 
there  were  obtained  13.9  gm.  of  1-proline,  equal  to  69.5  per  cent. 

As  this  method  of  esterification  gave  promise  of  success,  we  applied 
it  to  the  products  of  hydrolj'sis  of  zein.  Zein  was  selected  for  trial  be- 
cause it  contains  a  larger  prop)ortion  of  mono-amino-acids  than  any  other 
known  protein,  very  little  arginine  and  histidine  and  no  tryptophane 
or  carbohydrate,  as  shonn  by  the  absence  of  any  reaction  with  the 

'  Phelps  and  Tillotson:  American  journal  of  science,  i9o7i  Jnv,  p.  i94- 
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[esls.  As  neither  tn-ptophane  nor  carbo 
■  estimated  among  the  products  of  hydrol; 
for  our  experiments  all  imcertainties  axis 
substances  are  eliminated. 


T  AX.\LVSIS  OF  ZeFS. 

gm.  of  moisture  and  ash-free  zein  was  boi 
chloric  acid  for  sixteen  hours.  The  wa 
ig  a!  40°-50°  to  a  s\Tup  under  diminish 
idue  in  much  absolute  alcohol,  again  ev&] 

R'peaiing  the  process.  The  S}Tup  was  th 
uic  alcohol.  25  c-c.  of  alcohoUc  hydrochlo 
n.  of  zinc  chloride.  After  heating  the  m 
i°.  the  vapors  of  1 100  c.c.  of  absolute  alcoi 
n-<iroihloric  acid  were  passed  through  ; 
The  eftors  wore  al  once  shaken  out  in  1 
xlium  ?■.:!■ 'haie  for  four  weeks. 

he  following  fractions  were  obtained: 

rrrw-jre.  Wtighl. 

c -^  Eini.  4J.54  gm. 


S4-50  gm. 


■rf  aT>i  TjIiTie  4-Sj.*  alanine  i_i 
Scr;  ;:.^iriT)c  &.55.  afjiardc  acid  1 


«  An\:v>:>  .-f  Zzcc, 


:h,>?o  r're\ioiidy  foi; 
I  n:-su!:s  were  obiaic 
-ir.T:Tv  of  zfiD,  maki 
;r£:£-Iy.  In  each  c; 
■.-h  "«-cre  iJesiiSed 
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the  usual  methods,  the  details  of  which  do  not  need  to  be  repeated 
here. 

A  quantity  of  zein  equal  to  367.35  gm,,  ash  and  moisture  free,  was 
hydrolyzed  by  heating  on  a  boiling-water  bath  for  thirty-two  hours 
with  1000  C.C,  of  hydrochloric  acid,  sp.  gr.  i.i,  and  then  by  boiling  in 
an  oil  bath  for  twenty-two  hours.  Glutaminic  acid  was  separated  in 
the  usual  way,  and  91,6  gm.  of  pure  hydrochloride  were  obtained, 
equivalent  to  73.35  gm,  of  free  glutaminic  acid.  This,  with  the  22.78 
gra.  subsequently  obtained  from  the  esters,  makes  a  total  of  96.45  gm., 
or  26.17  pc  cent  of  the  zein. 

This  is  a  very  much  larger  proportion  than  was  presiously  obtained 
by  Osborne  and  Gilbert  *  or  by  Osborne  and  Clapp,*  We  therefore 
subjected  the  glutaminic  acid  which  had  been  weighed  to  a  very  rigid 
examination  for  its  purity  and  satisfied  ourselves  that  no  mistake  had 
been  made.  We  also  made  several  separate  new  attempts  to  obtain 
a  similar  quantity  from  other  portions  of  the  same  preparation  of  zein, 
but  all  of  these  >'ielded  from  18  to  20  per  cent,  that  is,  quantities  similar 
to  tho'^e  previously  reported.  We  are  convinced  that  glutaminic  acid 
separates  with  difficulty  from  the  mixed  products  of  hydrolj^sis  of  zein, 
and  that  it  is  only  by  a  fortunate  and  accidental  adjustment  of  the 
conditions  that  we  obtained  so  much  in  this  case. 

The  flrgt  «tt«nflMtion.  — The  filtrate  from  the  glutaminic  acid  hydro- 
chloride was  concentrated  under  diminished  pressure  to  a  s)Tup,  the 
latter  taken  up  in  absolute  alcohol  and  again  concentrated  to  remove 
the  greater  part  of  the  water.  The  residual  s)Tup  was  then  dissolved 
by  adding  40  c,c,  of  concentrated  alcoholic  hydrochloric  acid  and  50 
CO,  of  absolute  alcohol,  .\ftcr  adding  35  gm.  of  zinc  chloride  the  vapors 
of  660  C.C.  of  absolute  alcohol,  containing  20  c.c.  of  alcoholic  hydro- 
chloric acid,  were  passed  during  five  hours  through  the  solution  which 
was  kept  at  a  temperature  of  about  107°  by  heating  In  an  oil  bath.  The 
esters  were  then,  in  the  usual  way,  set  free  with  sodium  hydroxide  and 
potassitmi  carbonate  and  shaken  out  with  ether.  After  drying  over 
sodium  sulphate  for  one  week  the  ether  was  distilled  off  at  atmospheric 
pressure,  and  the  mixed  esters,  which  still  contained  a  little  alcohol 
and  ether,  were  found  to  weigh  275  gm.  They  were  then  distilled  at 
40  mm.  imtil  most  of  the  ether  had  been  removed,  when  liquid  air  was 

'  OsBOENE  and  Gilbert:  This  journal,  IQ06,  xv,  pp.  333-356. 
*  Osborne  and  Clapp:  Ibid.,  1908,  xx,  pp.  477-493- 
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I  tbe  vapors  thai  snbseqoentlj-  came  over. 
::;re  obtained : 

1  Vi  PirssDit.  Wrigbl. 
90°  15-00  mm.  40.83  gm. 
ao"  0.55     "  5'-74    " 
35"  0.55     "  48-90    " 

141-47  gra- 
50'  0.5s     "  50-56    " 

35°  0.60    "  17.06    " 

iog.09  gm. 

t  condensed  by  liquid  air    ...  .    24.15    " 

jndistilled 22.00    " 

-   -   - »55-34  gm. 

idcnsed  by  liquid  air  was  saponified  by  b 

orated  to  dn-ness.     The  readue,  which  we; 

led  with  absolute  alcohol,  and  the  extract  a 

an  later  obtained  from  fraction  I. 

ible  in  alcohol  was  added  to  the  correspoi 

acids  from  fraction  I. 

onified  with  water  in  the  usual  way,  the  sol 

i,  and  the  residue  extracted  with  boiling  ab: 

lie  solution  was  then  evaf)orated  to  drj-ness 

h  absolute  alcohol,  the  solution  worked  u| 

vay,  and  the  proline  ^veighed  as  copper  salt, 

1.  were  obtained,  and  of  the  1-proline  24.29 

■  7'.^3  P^i"  <^^nt  of  the  zein. 

isoluble  in  alcohol  weighed  71.39  gm.,  and 

J  crj'stallization  yielded  45.64  gm.  leucine, 

2  gm.  of  a  mixture  of  valine  and  alanine,  1 
nt  of  carbon.  The  losses  involved  in  these  se 
1)4  gm. 

kon  out  with  ether  in  the  usual  way,  and  16.0; 
i«l  as  the  hydrochloride.  The  aqueous  sol 
hitfytn,  the  barium  removed  with  an  equiv 
aciil,  and  ihc  concentrated  solution  satu 
1.     There  separated  10.33  8™*  '^^  glutaminic 
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hydrochloride,  which  melted  at  197°.  The  filtrate  from  this,  when 
freed  from  chloride,  yielded  2.06  gm.  of  aspartic  add  in  characteristic 
crystals,  which  reddened  at  300°  but  did  not  deccmpose.  The  filtrate 
from  the  aspartic  acid  when  boiled  with  copper  oxide  yielded  1.19  gm. 
more  of  aspartic  acid  as  the  copper  salt. 

After  removing  the  copper  from  the  filtrate  from  the  copper  aspar- 
tate, and  concentrating  to  a  small  vojume,  1.8S  gm.  of  phenylalanine 
separated  in  characteristic  crystals  which  decomposed  at  270°  and 
gave  a  strong  odor  of  benzaldehyde  when  boiled  with  sulphuric  acid 
and  potassium  bichromate.  The  filtrate  from  the  phenylalanine  on 
further  concentration  yielded  0.71  gm.  of  glutaminic  acid  in  charac- 
teristic crystals  which  melted  at  202*.  The  mother  liquor  was  a  syrup 
from  which  no  serine  could  be  separated.  After  long  drying  over  sul- 
phuric acid  it  weighed  2  gm.  There  were  thus  isolated,  from  fraction 
I^  17-95  g*"-  of  phenylalanine,  8.99  gm.  of  glutaminic  acid,  and  3.25 
gm.  of  aspartic  acid. 

Fraction  III,  when  shaken  out  with  ether,  yielded  1.6  gm.  of  phenyl- 
alanine as  hydrochloride.  The  aqueous  layer,  when  saponified  with 
baryta  and  worked  up  in  the  usual  way,  yielded  10  gm.  of  glutaminic 
acid  hydrochloride  which  decomposed  at  198",  and  0.88  gm.  of 
tyrosine,  which  separated  in  characteristic  crystals  and  had  the  correct 
composition : 

Carbon  and  hydrogen,  0.1419  gm.  substance,  gave  0.3104  gm.  CO,  and  0.0709 
gm.  H,0. 
Calculated  for  C,H„NO,  -=  C  59-63;  H  6.ia  percent. 
Found —  C  S9-66;  H  5.59  per  cent. 

The  presence  of  tyrosine  has  since  been  recognized  in  all  the  esters 
obtained  by  Phelps  and  Tillotson's  method.  The  mother  liquor  from 
the  tyrosine  could  not  be  made  to  yield  any  further  crystalline  separa- 
tion. After  long  drying  over  sulphuric  acid  it  yielded  a  dense  syrup 
which  weighed  1.5  gm. 

The  disliUation  residue.  —  This  was  examined  in  the  usual  wa)', 
but  no  glutaminic  acid  or  other  substance  could  be  isolated  from  it. 

The  iMOiid  •■tsriAcatioii.  —  The  products  of  a  second  esterification 
were  examined  separately,  in  order  to  determine  the  relative  proportion 
of  the  several  amino-acids  which  were  not  esterified  the  first  time.  After 
removing  the  inorganic  salts  and  water  the  alcoholic  solution  of  the 
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hydrochlorides  of  the  amino-acids  was  evaporated  to  a  small  voh 
lo  c.c.  of  alcoholic  hydrochloric  acid  and  lo  gm.  of  zinc  chloride  ad 
and  ihe  csterilication  elTecled  by  passing  the  vapors  of  1300  c.( 
absolute  alcohol,  containing  40  c.c.  of  alcoholic  hydrochloric  i 
through  the  solution  during  six  hours.  The  eslers  were  then  sh; 
out  in  the  usual  way  and  dried  over  sodium  sulphate  for  three  wi 
The  ether  was  then  removed  at  atmospheric  pressure  and  irj  gn 
mixed  esters  obtained. 

The  esters  were  then  distilled  under  diminished  pressure  with 
foUowing  results: 

Temp,  of  bath 

Fraction.                  up  lo                         Pressure.  Weight. 

I                     105°                    0.7  mm.  49.33  gm. 

II                     195°                    0.7     "  27.65    " 

Condensed  by  liquid  air 26.00    " 

Distillation  residue 12.00    " 

Total  recovered 114.98  gm. 

Fraction  I,  when  saponified  in  the  usual  way,  yielded  29.46  gr 
amino-acids  insoluble  in  alcohol  and  an  alcoholic  extract  from  v 
6.28  gm.  of  proline  were  isolated  as  the  copper  salt. 

By  fractional  crystallization  of  the  acids  insoluble  in  alcohol, 
gm.  leucine,  4.50  gm.  alanine,  and  6.S1  gm.  of  a  mixture  of  valine 
alanine  were  obtained.  The  mixture  of  valine  and  alanine  cont; 
carbon  48.04  and  hydrogen  8.59  per  cent,  and  yielded  no  leucine 
lead  salt  when  treated  according  to  the  method  of  Levene  and 
Slyke.' 

Fraction  II  was  extracted  with  ether  in  the  usual  way,  and  3.41 
of  phenylalanine  were  obtained  as  the  hydrochloride  from  the 
solution. 

The  aqueous  layer,  by  the  usual  treatment,  yielded  7.80  gm,  of  ^ 
minic  acid  hydrochloride,  3.10  gm.  of  aspartic  acid  as  the  copper 
and  0.64  gm.  of  tjTosine.  The  final  mother  liquor  yielded  no  s 
and  when  dried  in  vacuo  for  a  long  time  over  sulphuric  acid  wei 
7.08  gm. 

The  distillation  residue.  —  This  was  examined  carefully  for  g 
minic  acid  in  the  usual  way,  but  none  could  be  isolated  from  it. 

*  Levene  and  Van  Slyke:  Journal  of  biological  chemistry,  1909,  v 
391-41  ?■ 
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Examination  of  the  substance  remaining  after  the  second  esfertjica- 
tion.  —  After  removing  the  salts  as  completely  as  possible  by  means 
of  alcohoUc  hydrochloric  acid  and  the  excess  of  hydrochloric  acid  by 
repeated  evaporation  under  diminished  pressure,  the  solution  was 
diluted  to  6  litres,  5  per  cent  of  sulphuric  acid  added,  and  the  arginiae 
and  histidine  precipitated  by  adding  400  gm.  of  phosphotungstic  acid. 
After  filtering  out  the  precipitate  the  solution  was  freed  from  the  excess 
of  phosphotungstic  and  sulphuric  acids  with  baryta,  from  baryta  with 
a  slight  excess  of  sulphuric  acid,  and  then  concentrated  under  diminished 
pressure  to  a  small  volume.  The  small  amount  of  hydrochloric  acid 
still  in  the  solution  was  removed  with  silver  sulphate  and  the  sulphuric 
acid  with  an  equivalent  quantity  of  baryta.  The  solution  was  then 
concentrated  at  a  low  pressure  to  dryness.  The  crystalline  residue 
weighed  18  gm.,  equal  to  4.9  per  cent  of  the  original  zein. 

Assuming  that  75  per  cent  of  the  products  of  hydrolysis  were  esteri- 
fied  each  time  and  that  the  weight  of  the  amino-acids  was  equal  to  that 
of  the  original  zein,  which  is  only  approximately  true,  we  calculate  that, 
including  the  basic  amino-acids,  there  should  be  about  23  gm.  of  un- 
cstcrified  substance  in  this  solution.  Such  a  calculation  is  only  roughly 
approximate,  but  serves  to  show  that  the  quantity  of  acids  obtained 
from  this  solution  is  not  very  different  from  that  which  should  be 
expected. 

By  systematic  fractional  crystallization  of  this  residue  0.20  gm.  of 
tyrosine,  1.28  gm.  of  leucine,  or  0.3?  per  cent,  and  3.76  gm.  of  serine, 
or  1.02  per  cent,  of  the  zein  were  isolated.  The  remainder  of  the  sub- 
stance consisted  of  a  mixture  of  amino-acids  from  which  no  oxyprolinc 
or  other  definite  substance  could  be  obtained  and  behaved  throughout 
like  the  mixture  of  amino-acids  which  usually  results  from  protein 
hydrolysis.  As  care  was  taken  to  avoid  as  far  as  possible  all  losses  in 
recovering  the  unesterificd  substances  which  remained  after  the  second 
treatment  according  to  Phelps  and  Tillotson's  method,  it  is  evident  that 
relatively  little  of  the  products  of  hydrolysis  escaped  conversion  into 
esters  and  that  such  losses  as  did  occur  are  not  to  be  ascribed  to  incom- 
plete estcrification. 

The  following  table  gives  the  results  of  this  analysis  stated  in  per 
cent  of  the  zein,  the  proportion  of  each  substance  isolated  from  the 
products  of  each  esterification  being  given  separately  in  order  to  show 
the  proportion  esterified  each  time.     In  order  to  eliminate  the  una- 
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separating  valine  from  alaaine,  the  sum  of 
total  quantity  of  each  actually  isolated. 


Esten  1. 

Esters  11. 

Toial. 

S.M 

3.03 

9.02 
6.08 
1.05 

12.43 

4.50 

16.93 

7.33 

1.71 

9.04 

5.32 

0.92 

6.24 

0.8? 

0.84 

1.73 

'  important  it  is  to  make  at  least  two  esteri- 
■  results  are  desired. 

the  degree  of  esterification  by  this  new  method 
X)me  and  Clapp  in  their  analysis  of  zein  ac- 
k1,  for  no  definite  basis  for  a  fair  comparison 
idistilled  esters  cannot  be  strictly  compared, 
in  more  or  less  ether  and  alcohol  after  the 
is  removed  at  atmospheric  pressure,  and  the 
1  ester  also  differs  with  the  amount  of  gluta- 
removed  before  esterifying.  If,  however,  we 
imparison,  we  obtain  the  following  results: 
I  the  distilled  esters  and  the  undistiUed  residue 
e  condensed  by  liquid  air,  we  have  a  total  of 
helps  and  Tillotson's  method,  or  87  per  cent 
ince,  in  the  analysis  by  Fischer's  method,  the 
]uid  air  was  not  weighed,  the  total  undistilled 
1  residue  may  be  compared  with  the  above 
I  the  esters  in  this  case  were  equal  to  79.8  per 
:ual  difference,  however,  is  much  greater,  for 
5  removed,  before  esterifying,  ao  per  cent  of 
Osliome  and  Clapp  removed  only  10.9  per 
taminic  acid  ester  must,  therefore,  have  been 
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very  much  more  in  the  esters  obtained  according  to  Fischer's  method, 
and  the  advantage  of  the  new  method  correspondingly  greater. 

If  the  comparison  is  made  between  the  dislilkd  esters,  the  difference 
appears  even  more  to  the  advantage  of  the  new  method,  for  the  yield 
of  such  esters  was  equal  to  77.8  per  cent  of  the  zein  by  Phelps  and 


SubsiBOce. 

Osbonie 
and 

Jones. 

Osborne 

and 
Clapp.* 

Substance. 

and 
Jones. 

and 
Clapp.- 

Valine  and  alanine 

Alanine 

VaUne    

Uuelne 

ProUne 

Aspanic  acid    .  .  . 

1.89 
6.03 
1.0S 
18.30' 
9.04 
6.22 

m 

2.23 
0.29 
18.60 
6.53 
4.87 

i:4i 

18.28 

Serine    .  .  . 

Arginine    .   . 

Histidine  .   . 
Tfyplophane 

Total   .   . 

1.02 
3.SS 
1.35  ■ 
0.00 
0.82' 
0.00 
3.64' 

0.57 
3.5S 
1.16 
0.00 
0.43 
0.00 
3.61 

Glulaminic  acid  .   .   [    26.17 

80,74      1    61.53     1 

'  C/.  OsBOBNE  and  Clapp:  This  journal,  1908,  xx,  p.  484. 

*  OsBOKNE,  LEAVEiJWOKTHandBRADTLBCBT:  This  joumal,  1908,  xxiii,  pp.  180-200 

Tillotson's  method  and  but  62.6  per  cent  by  Fischer's  method,  the 
difference  being  equal  to  nearly  25  per  cent  of  the  latter  quantity.  By 
this  method  of  comparison  the  uncertainties  caused  by  differences  in 
the  proportion  of  glutaminic  acid  first  removed  are  to  a  targe  extent 
eliminated,  but,  on  the  other  hand,  differences  are  introduced  due  to  a 
more  successful  distillation  in  one  case  than  in  the  other.  Thus  the 
distillation  residue  in  this  present  analysis  was  equal  to  9.3  per  cent  of 
the  zein,  whereas  in  that  made  by  Osborne  and  Clapp  it  was  equal  to 
17  per  cent.  It  does  not  seem  to  us  probable  that  the  yield  of  esters  by 
Phelps  and  Tillotson's  method  should  necessarily  be  greater  than  that 
by  Fischer's,  but  that  such  advantages  as  it  appears  to  show,  as  in  this 
case,  are  to  be  attributed  to  the  greater  ease  with  which  it  can  be  con- 


DigitizedbyGoOglC 


ie  and  D.  Breese  Jones. 

reason  why  the  >'ield  of  esters  shoul 

her  method. 

lethod  of  esterifying  is  so  great  that  w 

Kiuent  work. 

ilts  of  this  new  analysis  of  zein,  an 

arginine   and   histidine  made    id    th: 

jf  the  earlier  analysis  by  Osborne  an 

shows  that  larger  quantities  of  eac 
separated  from  the  esters  made  by  tt 
pt  of  leucine,  and  that  a  large  part  < 
r  analysis  is  thus  accounicJ  for. 
Df  nearly  all  of  the  amino-acids  isolate 
insiderably  greater  than  those  former! 
scntod  by  these  two  analyses  is  muc 
those  analyses  of  other  proteins  whic 
representing  the  quantities  of  amini 
Lially  are,  present  a  general  idea  of  \\ 
roteips  which  is  of  much  value. 


.^LYSis  OF  Zed;, 

roducts  of  protein  hydrol>-sis  more  t 
;nt  as  the  temperature  of  the  distillin 

not  inconsiderable  quantity  of  alcoh< 
id  aljo  small  amounts  of  sulphur-cor 
'e  have  accordingly  thought  it   wort 

the  losses  which  must  ineWlably  aris 

be  maierially  reduced  by  terminatin 
esiiT  has  come  o\'er,  which  usually  i 
?  I  io°  and  the  pressure  is  below  i  mm 

undis:illi-d  esters  in  the  same  way  a 
tem:x>ralure  are  commonly  treated. 
iiT  an.ily?is  of  zein  was  therefore  mad 
>  to  loam  how  close  an  agreement  caJ 
ly*es  of  ihc  same  protein,  for  e^idcnc 

air-dri-  zein,  equal  to  383.5  gm.  of  th 
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moisture,  fat,  and  ash-free  substance,  was  heated  with  1000  c.c.  of  hydro- 
chloric acid,  sp.  gr.  i.i,  first  at  100°  for  twenty  hours  and  then  boiled 
in  an  oil  bath  for  thirty-seven  and  one-half  hours.  Afler  removing  the 
excess  of  hydrochloric  acid  by  twice  evaporating  under  diminished 
pressure  with  much  alcohol,  the  esterification  was  effected  by  dissolv- 
ing the  syrup  in  alcohol  10  which  10  c.c.  of  alcohoh'c  hydrochloric  acid 
and  so  gm.  of  zinc  chloride  were  added.  The  vapors  of  3000  c.c.  of 
absolute  alcohol,  containing  90  c.c.  of  alcoholic  hydrochloric  acid,  were 
then  passed  continuously  for  ten  hours  through  the  solution  heated  to 
108°.  The  esters  were  set  free  with  sodium  hydroxide  and  potassium 
carbonate  in  the  usual  way  and  shaken  out  with  ether.  After  drying 
for  several  days  over  sodium  sulphate  the  ether  was  distilled  off  at  at- 
mospheric pressure.  The  yield  of  crude  esters  was  378  gm.,  which  is 
much  more  than  in  the  preceding  analysis,  because  in  this  case  the 
glutaminic  acid  had  not  been  removed. 

The  esters  were  then  distilled  at  a  pressure  of  0.2  mm.  up  to  no* 
temperature  of  the  bath.  The  total  weight  of  the  distillate  was  124.63 
gm.,  which  is  less  by  16.84  Z^-  ^^^^  that  obtained  up  to  105°  in  the  pre- 
ceding analysis. 

During  the  distillation  liquid  air  was  used  from  the  outset  in  order 
to  condense  everything  that  came  over.  The  liquid  so  condensed 
weighed  10  gm.,  but  when  saponified  yielded  only  1.05  gm.  of  crystal- 
line substance,  which  was  added  to  the  products  obtained  by  similarly 
saponifjnng  the  distilled  esters.  It  thus  appears  that  the  greater  part 
of  substance  condensed  by  the  liquid  air  was  alcohol  and  ether  which 
had  not  been  completely  removed  from  the  esters. 

In  order  to  avoid  any  losses  that  might  be  occasioned  by  subjecting 
the  remaining  esters  to  a  higher  heat,  the  distillation  was  stopped  at  a 
temperature  of  no*,  and  the  undistiUed  residue,  which  weighed  234 
gm.,  was  treated  directly  in  the  same  way  as  Fischer  directs  for  the 
treatment  of  the  distillates  obtained  above  110°, 

TreaiimtU  of  the  distilled  esters.  —  After  saponifying  in  the  usual  way, 
the  residue  which  was  left  by  evaporating  the  solution  of  the  amino- 
acids  to  dr}-ness  and  extracting  with  alcohol,  until  proline  was  removed, 
weighed  74.r3  gm.  By  systematic  crystallization  this  yielded  56,38  gm. 
of  leucine,  8,14  gm.  of  alanine,  and  a  mixture  of  6.73  gm.  from  which 
by  means  of  the  lead  salt  method,  3.31  gm,  of  leucine  were  isolated. 
The  remainder  of  this  substance  was  united  with  a  similar  mixture  o{ 
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rom  the  second  esterification,  and  bol 

the  amino-acids.  which  had  been  free 
Q  absolute  alcohol,  vielded  6.89  gm,  1 
of  1-proUne,    These  were  weighed  as  tl 

esiers,  —  These  were  mixed  directly  wii 
nisture  shaken  wich  an  equal  \t>lunie  1 
lich  separated  readQy.  was  oeariy  blac 
n  i^:ain  with  150  cc  of  ether,  and  tl 
e  nrsL  The  color  was  thus  almost  cob 
o;s  solMiioti. 

I  aHowed  to  e\"aponi;e  at  the  room  ten 
ik^c  add  aiiied  10  the  residue,  and  tl 
;h«  wa;er  ha:3,  A  coosid«abIe  quantii 
:'^^  by  e:i«'.  asi  a  dark-colored  aqueot 
iscoi.'rjwi  by  searing  with  bcMie  coa 
SL'Toraieii,  on  e-.-aporaiins,  in  cbarai 
rvt— \-or '-wf   we:?   ^jjK  and   weight 

■rh  :he  eiitr  ici\;::cn  ot  ibe  phenylalaoii 
wi-.h  Virvii  iz  ibe  sarse  way  as  if  tl 

rc-vX^-.;'-;  ij  Ftscber  direcG-  there  wei 

c  cV-:^:^ "?::  jcii.  as  -Jx  hyirochiorid' 
jTT-  -V  i>.Mrr-c  iSi  «s  ibe  copper  sal 

~  ;>*r  ."I:ri:;  fr.~~  :he  o-?~«r  ascxarra: 

.;,    N.'  «rze:  »-,'^ii  re  sxaied  cv:::  tJ; 

V  tr-  Ti.-^A.-.  .i>  .".-j— .-TTC^y  ccciiisec  fro: 

ij,  ■-;  .  Tn:  ij-'i  liVc.  Tbe  afrorx::-.-: 
;•>;  -■  ^  .'.vi  ^;c^  ir«i  liw  rr->i'jc^  ol 
Vx  -T-  ;  "V_—  ;=»:!•>,;;:: frr-i  was  i 
?,-  ^- ■.'.-.'  -■.  ";-,:  if^r-r  jrca:  scirpiiz^  ih. 
v.\  -■  ,■■  ix  jiLm;  i=i:'^=z  »s  was  ta 
r   rv  '>.v.     V. :  r^'t  iircc«f  ^i>  Tre* 
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its  use.  It  is  probable  that  serine  cannot  be  so  easily  obtained  from 
the  greater  quantity  of  substance  thus  treated  as  from  the  smaller  amount 
of  distilled  esters,  but  as  we  have  obtained  very  little  serine  and  usually 
none  whatever  from  these  esters,  this  is  not  a  serious  disadvantage  when 
working  with  vegetable  proteins.  Furthermore,  a  quantitative  deter- 
mination of  serine  appears  to  be  impossible  by  the  ester  method,  for 
this  amino-acid  is  eslerified  with  such  difficulty  that  we  have  usually 
found  it  in  apparently  greater  quantity  in  the  mixture  of  unesterified 
products  than  in  the  esters. 

Tha  BMond  esteriflcfttion.  —  After  removing  the  inorganic  salts  wrth 
alcoholic  hydrochloric  acid  and  the  water  by  repeated  evaporations 
with  alcohol  at  a  low  pressure,  the  residual  syrup  was  esterified  by  dis- 
solving in  alcohol,  adding  10  c.c.  of  alcoholic  hydrochloric  acid  and  14 
gm.  of  zinc  chloride  and  passing  the  vapors  of  1750  c.c.  of  absolute 
alcohol  and  60  c.c.  of  alcoholic  hydrochloric  acid  through  the  solution 
during  nine  and  one-half  hours.  The  esters  were  set  free  and  extracted 
with  ether,  as  after  the  first  esterification,  and,  after  drjing  for  some 
time  over  sodium  sulphate,  were  distilled  at  a  pressure  of  0.38  mm.  up 
to  105°  of  the  oil  bath. 

The  crude  esters  weighed  71  gm.,  the  distilled  esters  26  gm.,  the  sub- 
stance condensed  by  liquid  air  8  gm.,  and  the  undistilled  residue  36  gm. 

TreatmerU  of  the  distilled  esters.  —  These  were  saponified  in  the  usual 
way,  the  solution  evaporated  to  dryness,  and  the  residue  extracted  with 
boiling  absolute  alcohol.  The  amino-acids  insoluble  in  alcohol  weighed 
13-33  S^-  By  systematic  recr)'stallization  these  yielded  8.44  gm.  of 
leucine,  0.85  gm.  valine,  and  a  mixture  of  valine  and  alanine  which 
together  with  the  similar  mixture  from  the  first  esterification  gave  2.41 
gm.  of  valine  and  4.98  gm.  of  alanine. 

The  alcohohc  extract  of  the  amino-acids,  when  freed  from  everything 
insoluble  in  absolute  alcohol,  yielded  11,71  gm,  of  proline  as  the  copper 
salt. 

TrealjnetU  of  the  undistilled  residue.  —  This  was  worked  up  in  the 
same  way  as  the  corresponding  residue  from  the  first  distillation.  The 
ether  extract  >-iclded  0.93  gm,  of  phenylalanine ;  the  aqueous  solution, 
10.78  gm,  of  glutaminic  acid,  as  the  hydrochloride,  no  copper  aspar- 
tate, and  i.o  gm.  of  tyrosine.  ■  Nothing  further  could  be  oblaincd  from  it. 

The  unesterified  substances  remaining  after  the  second  esterification 
were  separated  from  inorganic  salts  by  treating  with  alcoholic  hydro- 
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and  evaporating  several  times.  The  solution  was  iher 
litres  and  freed  from  bases  with  acxj  gm,  of  phosphotungslit 
per  cent  sulphuric  acid  solution.  After  quantitatively  re- 
sulphuric  and  phosphotungstic  acids  with  bar)'ta  and  the 
orine  with  silver  sulphate,  the  solution  was  concentrated 
lishcd  pressure  and  the  semicrystailine  residue  dried  in  the 
und  to  weigh  20  gm.,  or  5.2  per  cent  of  the  zein,  as  against 

in  the  preceding  analysis.  No  attempt  was  made  to  sepa- 
products  from  this  residue, 

owing  table  we  give  the  results  of  this  analysis  and  for  com- 
ic of  the  preceding,  the  proportion  of  the  amino-acids  re- 
ach analysis  from  the  first  and  second  esterifications  being 
atcly  in  per  cent  of  the  zein. 


TABLE   in. 

St 

MnJ  Analysis. 

Third  Analya 

•■ 

Ksl.re  I. 

Eiten  II.      Total. 

Estml 

Esters  II. 

Tottl. 

.-ftUnr 

S.W 

3.03           8.93 
6.03 
1.03 

3.01 

0.95 

3.96 
3.42 
0.85 

1243 

4.5J          17.93 ' 

13.56' 

2.23 

1776 

7i3 

1-71           901 

4.05 

3.05 

7.11 

Si: 

0  ^            $.23 

6,U 

0-24 

6J7 

OS^ 

OW            1-73 

l-W 

0-00 

1.04 

iJ  ,   . 

Zi.lT' 

16-&3 

2.81 

19.64' 

o,',-*  I  ii: 

;h?  ;'-.ja 

=^-ic  »dd_ 

i-..;.^!  .h- 

:■>  *s  >: 

-V-.          -S. 

MTTi-fJ  I 

.->=]  the  esters 

\:or  ','ro  ^vr  '.":;,t,>  pre^'ailin^  in  each  anal^^s 
:>  v-;  ca,-h  v'!  :"-;•  irr:i-.> acids  which  escaped 
"-ts  avour,-.;  by  i  re;^?::;ion  of  this  process, 
r.^v,  ::v'r.'.  ;"-:o  -vwix:  esters  to  that  from  the 
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first  is  different  for  the  several  acids  in  the  two  analyses,  indicating  a 
ditTerence  in  the  ease  with  which  Ihey  are  esterified  under  slighdy  dif- 
ferent conditions  or  else  a  difference  in  the  completeness  with  which 
the  esters  are  extracted  by  Ihe  ether  after  the  first  esterification. 

In  the  following  table  the  results  of  these  several  analyses  of  zein  are 
brought  together  so  that  they  may  be  more  easily  compared : 


Analyses 

1 

S 

3 

Osborne 

and 
Clapp. 

Valine  and  aUnine    .... 

Alanine 

Valine 

Leucine 

Proline 

Phenylalanine 

Aspartic  add      

4.82 
2.94 
1.88 
19.SS 
8.23 
6.SS 
1.34 

1.89 
6.08 
1.05 

18.30 
9.04 
6.22 
1.71 

26.17' 
1.02 
3.19 
1.SS 
0.00 
0.82 
0.00 
3.64 

3.42 
0.8S 

17.76 
7.11 
6.37 
1.04 

19.64' 

2.23 

0.29 
18.60 

6.S3 

4.87 

1.41 
18.28 

0.57 

3.SS 

1.16 

0.00 

0.43 

0.00 

3.61       ■ 

Tyrosine      

I'll 

80.38 

61.S3 

'  Separated  chiefly  as  hydrochloride. 

'  Separaled  entirely  from  the  esters.    This  is  7S  per  cent  of  the  amount  separated 
directly,  and  is  approximately  the  same  proportion  as  is  usually  thus  obuined. 

A  striking  difference  is  shown  by  the  figures  here  given  for  alanine 
and  valine,  which  is  almost  certainly  due,  to  a  very  large  extent,  to  in- 


DigitizedbyGoOglC 


^yirs-^.c  cnj  D.  Brecsc  Jones. 

J— '-v-j..-i--i  fro^  ibeir  esers.  We  are  noi 
:i".^  ir:  '.T.'r-  seraraiioc  a:xi  eipeci  =oon  t 

azrw  a;  o:6eT  «5  Te  sioiili  expect  cor 
J  iiCtiiicc-  I:  is  to  be  r»:e*i  th a:  :h:~  i=  :h 
f ■-.- 1'-^-  ir  as  lir^e  rr?pcr:;cc  br  the  Fi=ch< 

:e  i^-'-'irz  ';j  ijie  three  zx-v  anilj^es  dt^ei 
ir  the  uTMi^rtihtr-is  irhich  artach  to  rr:~  dt 
=117  he  CTCst'i-trei  to  be  fiirlv  satisfactory. 

tc  -r-^--'i"  >-"-.■  ire  h:  reniirtahle  a^re* 
s^i'fsciztcif  >ni:i  're  se-antred  trr=i  the  estei 
c-ctrlctsij  ij  rrtiz:  tbe  iisi^e^t  esier^ 
ri.ni'.c  :c  ir^artic  j<rii  »us  octiined  iti  eac 
tzh  a  ri-JT:-!:-"  i^iilier  ir!!0.r::  Tms  ciitaitte 

ije  t?  the  i._-T^!s;3S  -^rji  liiich  the  ci?t: r« 

t'c  nr.-i  cccihiei  "Ci  the  eser^  it:  atia]}"5 
:h  T-is  =3.-^.--  leririte-i  iirectlj  as  the  hy_n 
:;*  is  L=  tJl  izreif:=ert  itth  taiC  eiz^riettc 

^th'.ni  js  — . i-r-""  ihcct  75— 5c  twr  cent  < 

~;~ifxHrJ;rie.     Ttjr  =i:re   r -1— '-■  -  ac 

Ti  uj.:  ti  t.tt;  lir:;r  rife  the  seyat:!:::-  -^ 


Digitized  byGoOgIC 


THE  EXCHANGE  OF  AIR  IN  THE  EUSTACHIAN 

OR  GUTTURAL  POUCHES  OF  THE  HORSE. 

By  PIERRE  A.  FISH. 


'  I  TIE  Eustachian  or  guttural  pouches  are  membranous  sacs  com- 

*■  municating  with  the  pharynx  on  either  side.  The  mucous  mem- 
brane of  the  sacs  is  continuous  with  that  of  the  Eustachian  tubes,  and 
there  is  a  direct  communication  between  the  air  of  the  guttural  pouch 
and  the  middle  ear.  According  to  Strangeway,  the  guttural  pouches 
are  peculiar  to  the  soliped  and  the  Hyrax. 

The  relation  of  the  pouches  to  the  pharynx  would  apparently  incline 
one  to  the  view  that  inasmuch  as  the  lungs  are  filled  with  air  dining 
inspiration,  so  might  these  pharyngeal  appendages  fill  up  and,  like  the 
lungs,  empty  themselves  during  expiration.  Experimental  evidence, 
however,  shows  that  air  enters  the  pouches  during  expiration. 

The  only  previous  experimental  work  along  this  line  that  I  have 
been  able  to  find  recorded  is  that  of  Perosino '  of  Turin  (1853),  who 
inserted  a  cannula,  connected  with  an  alcohol  manometer,  into  the 
guttural  pouch  of  the  horse  and  observed  that  the  alcohol  rose  in  the 
distal  arm  of  the  manometer  with  each  expiration.  From  his  experi- 
ments and  general  observation  Perosino  concluded  that  the  pouches 
were  filled  with  warm  air  at  expiration,  and  during  inspiration  a  por- 
tion of  the  warm  air  in  the  pouches  streamed  into  the  pharynx  and 
mixed  with  the  incoming  cold  air  and  modified  the  temperature  and 
force  of  the  current. 

In  the  following  work  a  number  of  horses,  under  chloroform  anes- 
thesia, were  experimented  upon  in  various  ways.  In  some  instances  a 
pneumograph,  connected  with  a  tambour,  was  applied  to  the  region  of 

'  Von  Prince:  Abstract  in  Repertorium der Thierheilkunde  von  Prof.  E.  Hering, 
Sechszehnter  Jahrgang,  1855,  pp.  53-54. 
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ratory  movements  were  most  pitHiouDced 
trials,  was  not  regarded  so  satisfactory  a: 
ted  directly  into  the  trachea.  The  lattei 
r  iDost  of  the  experiments.  A  tambour  cm' 
used  for  the  tracing  from  the  pouch.  Ii 
inserted  into  the  pouch  eztonally  near  the 
tid  ^and  (Vlborg's  operation).  In  a  fen 
d  into  the  pouch  tfarou^^  the  natural  opeo- 
manometa  was  also  used  in  oHmection 
iie  tambour,  but  the  latter  was  found  rncxv 

>  respiratory  tambour  and  that  erf  the  pouch 
exactly  tbe  same  vertical  plane  as  possible 
the  tncin^  were  then  taken  ^mchrmouslr, 

iserted  into  tbe  guttural  pooch  throu^  its 
ined  from  the  poucfa  aunpared  witb  that 
win  be  observed  that  the  two  tracings  are 

e  be^:imiiiig  of  expiration  tbe  guttural  pouch 
pir«d  air.  a  cooadnraUc  portion  of  which 
Lin  during  the  expiratoiy  pause.     Inspira- 

traii;>fer  oi  the  air  to  the  pharynx,  but.  as 
AS  escafwi  during  the  pause.  This  result 
vH'ustons  ot"  PwceiiKx.  who  conadered  that 
ts{>imx^a.  T^  wouiii  be  a  natural  assump- 
a£  puiii^ible  CO  uicnxiuce  the  finger  iDR>  tbe 
<t  'bye  experloKacs  and  eo  fed  quite  a  forci- 
t^x.Yt  :c.  imiicared  ±ai  the  oridce  dosed  dur- 

d'jrir.a.  t\i'ici:iva.  Theie  b  apparently  a 
's.  In  ic:>  ix'^dln^r  and  cktsng  during  inspita- 

[K>{  ^tro^rmrned  wbecher  or  not  the  cto&ure 
s  x'r-;'^'^:.  but  :rw  presnre  upon  the  finger 
It  ;t  Titii^t  Sr. 

ch  :xTiS.<ur  -«:if'  jiCTcduced  into  the  poodi 
■vv.  -t  *a#  v.'fcr«ved  -'lit  the  lerefs  oi  the 
x'k!  '.jA  :t.-^'.iit;f  ;k^  in  the  baiuu  expcn- 
«(,T  :\t4r  HI. If  tTe  'ever  conoected  with  the 
V  '-nw-^K-Ai  tf>.cr  rose,  the  poocb  Incr  tA. 
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Indeed  the  levers,  in  meeting  and  receding,  had  much  the  same  rela- 
tion  as  the  blades  of  a  pair  of  scissors  when  they  are  opened  and  closed 
(Fig.  2). 

A  model  to  represent  the  pharynx  and  guttural  pouches  was  pre- 
pared by  usmg  a  glass  tube  for  the  pharynx.  On  each  ade  of  the  tube 
was  an  opening  around  which  an  elastic  sac  was  secured.  At  one  end 
of  the  ^ass  tube  a  rubber  bulb  was  attached  to  represent  the  lun;;  as 


FioOMK  1. — About  one  half  the  original 
lite.  The  lower  tiadng  wai  taken  from 
the  tradtea  of  tbe  horie.  lite  upper 
Indng  «aa  taken  through  tbe  wall  of 
the  guttural  pouch.  Tbe  levers  of  tbe 
tambours  rose  and  fell  together,  and  tbe 
dmilarlty  of  the  tracings  it  Qiaiked. 


Fiams  2.  —  About  one  half  the  original 
lite.  The  upper  tracing  was  tal^  from  a 
cannula  inserted  ioto  tbe  orific«  id  tbe 
guttural  pouch.  Tbe  lower  tracing  was 
taken  from  a  cannula  inserted  Into  the 
trachea.  The  leven  were  in  opposing 
phases;  ai  the  rcipiratory  lever  fell,  the 
pouch  lever  roK. 

it  expanded  and  contracted.  With  this  apparatus  it  was  easy  to  demon- 
strate that  the  lateral  sacs  filled  up  with  each  compression  of  the  bulb 
corresponding  to  the  expiratory  phase  of  respiration. 

Various  ideas  as  to  the  fimctions  of  the  guttural  pouches  have  been 
advanced.  Tlie  view  has  been  maintained  that  they  are  accessory 
organs  to  the  Eustachian  tubes  and  belong  to  the  auditory  mechanism; 
that  they  serve  to  check  the  rapid  current  of  air  utilized  for  the  purpose 
of  renewing  that  in  the  cavity  of  the  middle  ear  and  to  balance  tbe 
column  of  air  which  impinges  against  the  tympanic  membrane,  — 
practically  to  serve  as  reservoirs  in  maintaining  the  constant  pressure 
of  air  on  the  tympanic  membrane.  Other  animals,  however,  with  the 
sense  of  hearing  as  highly  developed  as  the  horse  do  not  possess  these 
pouches. 

Another  functioq  ascribed  to  them  is  that  they  may  serve  as  resonat- 
ing chambers  and  assist  in  perfecting  the  sounds  of  neighing  somewhat 
similarly  to  that  of  the  ventricles  of  the  larynx.  Again,  other  animals 
with  phonation  as  highly  developed  as  the  horse  do  not  possess  these 
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riew  that  the  guttural  pouches  are  ! 
Stic  cushions,  through  which  the  ini 
e  head  upon  the  neck  are  taken  u 

aspiration  is  another  function  ascril 
[lately  fill  and  empty  themselves.  1 
and  diminish  the  force  of  the  large  \ 
e  is  running  rapidly,  and  alleviate  a 
ar  against  the  bronchi  and  the  air  s 
s  not  possessing  these  pouches  can 

le  temperature  of  the  inspired  air  is 
by  the  admixture  with  it  of  the  aii 
dmittcd  that  the  air  streams  out  frc 
mingles  with  the  inspired  air,  the  \ 
omparison  with  that  of  the  latter,  tt 
mperature  of  the  inspired  air  could 

:onditions  the  pouches  may  becom 
id  in  this  condition  fill  up  the  phai 
marked  dyspnoea. 

elating  to  the  function  of  the  poucl 
>llowing  facts  seem  worthy  of  em 
to  the  animal  that  the  mucosa  of  th 

tube,  and  middle  ear  should  come  i 
d  to  the  temperature  of  the  body 
it  best  is  only  incompletely  warmed, 
le  pouches  should  be  more  or  less  cd. 

passage  of  air  through  the  pharynx 
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I.  Introduction. 

THE  reactions  of  the  vasomotor  centre  are  commonly  studied 
by  the  changes  of  the  blood  pressure,  oi^an-volume,  or  vein-flow. 
These  methods  render  good  service  if  the  condition  to  be  investigated 
can  be  confined  strictly  to  the  vasomotor  centre.  Very  often  this  is 
not  the  case,  and  then  these  methods  fail  to  give  trustworthy  infor- 
mation. A  simultaneous  cardiac  effect  may  so  actively  overshadow  a 
vasomotor  action  that  none  of  the  customary  methods  can  indicate 
what  changes  may  be  taking  place  in  the  vessels.  This  often  happens 
in  certain  types  of  asphyxia.  If  the  cardiac  element  can  be  excluded 
and  the  change  is  entirely  vascular,  it  is  easily  possible  to  distinguish 
whether  the  vasomotor  effect  is  purely  central,  or  purely  peripheral. 
But  if  a  drug,  for  instance,  either  paralyzes  or  strongly  stimulates  the 
vessels  peripherally,  this  would  entirely  obscure  whatever  action  it 
might  have  on  the  centre.  This  question  arises  with  epinephrin  and 
with  the  nitrites. 

Again,  it  is  often  a  very  difficult  matter  to  decide  whether  an 
observed  vascular  change  in  an  organ  is  the  direct  result  of  alterations 

'  A  preiimiii&ry  communication  on  this  subject  was  read  at  tbe  Boston  meeting 
of  the  Society  for  Phannacology  and  Experimental  Therapeutics. 
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some  extent  on  the  kidney.  The  choice  of  the  spleen  was  mainly  for 
technical  reasons;  but  it  forms  a  part  of  the  important  splanchnic 
system,  and  it  appears  to  be  fairly  representative  of  the  splanchnic 
vasomotor  reactions. 

We  have  not  attempted  to  distinguish  the  role  of  the  constrictors 
and  dilators.  This  appeared  to  us  as  an  unnecessary  complication, 
^nce  it  is  commonly  accepted  that  the  constrictors  dominate  the 
vasomotor  reactions,  especially  in  the  splanchnic  area. 

Description  op  the  Method. 

The  animals  were  amesthetized  by  the  usual  methods  (for  dogs, 
morpbin,  cot  per  kg.  supplemented  by  ether;  for  cats,  the  morphin, 
atropin,  urethane  mixture  ' ).    Dogs  were  used  almost  exclusively. 

Tracheotomy  was  always  performed.  Curare  was  often  used  to 
immobilize  the  animal.  Respiration  was  then  practiced  by  the  con- 
tinuous insufflation  of  oxygen  by  the  modified  Hirsch  method.'  Tlie 
vagi  were  usually  divided  early  in  the  experiment. 

The  blood  pressure  was  recorded  from  the  carotid  artery;  the  mean 
pressure  by  a  damped  mercury  manometer,  the  excur^ons  by  a 
Harvard  Hiierthle  manometer. 

The  damped  mercury  manometer  presents  the  very  great  advantage  that 
the  mean  pressure  can  be  read  directly  from  the  tracing,  without  the  need 

■  SoLLUANN,  Hahzuk,  luid  PiLCHEK:  JouRuil  of  phamiacology,  1910,  i,  p.  41 1. 

*  Modified  Hirsck  Method.  —  Hie  principle  of  the  continuous  insufflation  yes- 
piration  appears  to  have  been  first  introduced  by  Hans  HmscH  (Dissertation, 
Giessen,  1905;  Biophysisches,  Centralbktt,  i,  No.  1403). 

We  have  found  it  advantageous  to  modify  the  details  of  his  method.  In  our 
modification,  the  oxygen  goes  from  the  steel  tank  through  a  wash  bottle  to  a 
flexible  catheter  of  goose-quiU  size.  The  catheter  is  first  pushed  through  the 
(glass)  tracheal  cannula  so  that  the  pobt  lies  about  half  an  inch  above  the  bi- 
furcation. The  return  flow  is  thus  as  free  as  possible,  and  if  the  chest  is  cqtcned, 
the  limgs  are  seen  to  be  scarcely  distended.  This  is  of  particular  value  in  taking 
cardiac  tracings.  The  flow  of  oxygen  is  regulated  according  to  the  size  of  the 
animal.  Usually  the  bubbles  should  be  almost  continuous.  The  color  of  the 
blood  in  the  carotid  artery  or  in  the  lungs  is  the  best  index  of  the  efficiency  of  the 
respiration.  Hirsch  contended  that  life  could  not  be  maintained  by  a  continuous 
current  of  air;  but  Meltzer  and  Auek  (The  journal  of  experimental  medicine, 
1909,  xi,  p.  631)  have  demonstrated  his  error.  Where  compressed  air  b  in- 
stalled, it  (»uld  doubtless  take  the  place  of  the  oxygen  in  our  modification. 
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of  any  calculations.  Both  manometers  are  connected  with  the  same  atta 
as  follows:  The  arterial  cannula  connects  with  a  T  piece.  One  limb  go 
to  a  reservoir  of  half-saturated  magnesium  sulphate,  suspended  four  fe 
above  the  table,  which  serves  to  establish  an  initial  pressure  in  the  systc 
and  for  the  flushing  out  of  clots.  (This,  of  course,  is  clamped  before  t 
artery  is  opened.)  The  other  limb  connects  with  a  second  T  piece.  O 
limb  of  the  latter  goes  to  the  membrane  manometer,  the  other  to  the  mercu 
manometer.  Between  the  T  and  the  mercury  manometer  is  a  screw  clam 
which  is  adjusted  so  that  the  movement  of  the  mercury  column  is  only  ji 
perceptible,  with  the  ordinary  beats.  All  the  connections  are  filled  with  t 
magnesium  solution.  The  damping  of  the  mercury  manometer  lessens  t 
movements  of  the  fluid  in  the  system  so  much  that  magnesiimi  effects  1 
reduced  to  a  minimum,  and  dotting  is  of  rare  occurrence. 

The  spUen  is  exposed  through  a  small  incision.  The  largest  arteri 
branch  and  its  accompsfnying  vein  and  nerves  are  reserved,  and  ■■ 
the  remaining  vessels  and  tissues  are  tied  off  in  two  masses  by  stro: 
ligatures.  The  reserved  artery  and  vein  are  then  cleaned  with  blv 
needles.  It  is  essential,  of  course,  that  the  nerve  fibres  be  carcfu] 
separated  from  the  vessels,  with  the  least  possible  injury. 

The  perfusion  cannula  is  then  tied  into  the  artery  and  the  perfusii 
started.  When  the  spleen  has  been  somewhat  flushed,  the  outfit 
cannula  is  placed  into  the  vein.  Both  cannulas  point  toward  the  splec 
The  outflow  cannula  is  connected  with  the  stromuhr. 

For  perfusion  we  employ  Locke's  fluid,  without  glucose  and  witho 
oxygen  —  we  have  not  found  these  necessary.  The  fluid  flows  from 
Mariotte  reservoir,  suspended  two  to  four  feet  above  the  animal,  ai 
is  warmed  by  passing  through  a  Woulf's  bottle  which  fits  into 
opening  of  the  water-heated,  double-walled  copper  trough  which  ' 
use  as  an  operating  table.  The  Woulf's  bottle  has  the  further  adva 
tage  that  it  intercepts  any  air  or  sediment  which  may  find  its  w 
into  the  fluid. 

To  record  the  vascular  changes  of  the  spleen,  the  outflow  of  t 
vein  is  measured,  the  outflowing  liquid  being  rejected.  We  tried 
number  of  devices,  but  finally  used  a  Ludwig  stromuhr.*  The  use 
oil  being,  of  course,  superfluous,  the  emptying  bulb  is  allowed  to 
with  air  through  the  open  tube  at  the  top.    (Instead  of  the  regu 

'  We  are  now  using  the  highly  conveotent  outflow  bucket  described  by  Wm. 
WiLUAKS,  Journal  of  pharmacology  and  experimental  therapeutics,  1910,!,  p.  4 
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Ludwig  bulb,  we  have  employed  one  which  carried  three  sets  of  bulbs, 
of  increasing  capacity,  one  above  the  other;  the  lowest  bulb  being 
used  when  the  rate  of  flow  was  very  slow;  or  all  the  bulbs  if  it  was 
very  rapid.)  A  slowing  of  the  outflow  corresponds  to  constriction,  a 
quickening  to  dilation.  However,  as  explained  by  Burton-Opitz,' 
constriction  may  temporarily  quicken  the  flow  by  squeezing  out  the 
large  volumes  of  blood  which  the  spleen  contains;  and  a  dilation  has 
the  opposite  effect.  These  preliminary  changes  are  very  short  and 
can  scarcely  be  misinterpreted.  The  stromuhr  was  connected  with  a 
signal  recorder  in  the  usual  manner.  The  kymographion  moved  at 
the  rate  of  1.5  to  3  cm.  per  minute. 

The  integrity  of  the  vasomotor  connection  must  be  controlled  at 
intervals,  if  necessary,  by  stimulation:  of  the  sciatic,  or  in  non-curar- 
ized  animals,  by  connecting  the  tracheal  cannula  with  a  rubber  tube 
five  feet  long.  As  is  weU  shown  in  Burton-Opitz's  work,'  a  few  intact 
nerve  bundles  are  sufficient  to  secure  a  good  contraction;  so  that  there 
is  little  chance  of  spoiling  the  experiment  by  injury  of  the  nerves  in 
the  operation. 

During  the  course  of  the  experiments,  which  extended  generally 
over  one  or  two  hours,  there  was  usually  little  or  no  loss  of  excitability 
in  the  spleen  itself.  On  the  other  hand,  the  vasomotor  centre  is 
ea^ly  injured  by  any  serious  fall  of  blood  pressure. 

The  vasomotor  reactions  of  the  spleen.  —  These  have  formed  the  sub- 
jects of  many  investigations.  The  papers  of  Roy,'  Schaefer  and 
Moore,'  and  Burton-Opitz  '*  summarize  the  other  literature. 

We  found,  as  did  all  of  these  investigators,  that  stimulation  of  the 
splenic  or  splanchnic  nerves,  as  also  reflex  stimulation  through  the 
sciatic  or  central  vagus,  causes  vascular  contraction.  Roy  denied 
the  existence  of  any  dilator  fibres.  Schaefer  and  Moore  thought  that 
they  could  demonstrate  them  very  exceptionally,  and  under  special 
conditions.  But  for  practical  purposes,  the  vasomotor  innervation 
of  the  spleen  may  be  considered  exclusively  constrictor.    Roy  also 

*  BUKTON-Oprrz  and  Lucas:  Archiv  fiir  die  gesammte  Physiologic,  igoS, 
cxxiii,  p.  592. 

'  Bukton-Opitz:  Archiv  ftir  die  gesammte  Phy»ologie,  1909,  czxix,  p.  111. 
'  C.  S.  Roy:  Journal  of  physiology,  1880,  iii,  p.  J03. 

*  SCHAETER  and  Moore:  Ibid.,  1896,  %x,  p.  i. 

*  R.  BURtON-Oprrz:  Archiv  fiir  die  gesammte  Physiologie,  1909,  cxxU,  p.  189. 
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b«Ue\'ed  that  the  vagus  earned  centrifugal  omstrictor  fibres,  but  tl 
is  doued  by  Schaefer  and  Mowe. 

The  [ireseQce  of  the  muscular  tissue  in  the  tiabecula*  and  capsi 
of  the  spleen  deserves  special  cooaderatioiL  Roy  and  Schaefer  a 
Xfoore  described  regular  Th>-thiiiic  coutiactioiis  on-ering  the  period 
about  a  minute.  BuitMi-OiHtz's  stixHnuhr  failed  to  reveal  these  \-a 
aticHis.  In  our  records,  also.  the\~  are  extremely  rare.  This  nc 
hardly  be  surpriang  ance  Schaefer  and  Moore  found  them  mu 
veakened  in  artificial  perfuskn  with  diluted  defibrinated  blood. 
the>'  occur  at  all.  th^'  are  evidenily  too  wrak  to  affect  the  outflc 
The  last  named  authors  sboved  that  the  rh>-thm  is  of  periphe 
ora^n;  it  could  iKrt  thetWore  be  afected  directly  in  oar  metht 
X^lMMher  or  not  the  contractions,  of  these  muscies  b  also  under  cent 
CMttiul.  b  not  dccidod.  It  b  ralhn  improbable,  but  pro\-isiaDalIv 
enjoins  some  cautioQ  in  inteT7»reiiii|;  results  obtained  on  the  sfUct 
In  our  wtH:.  bowrxiCT.  the  res-wis  on  ibc  kidney  furnish  us  with 
mcaits  <rf  oontxo]. 

Roy  »li<>  found  that  the  ^iiir.,U£aon  of  ci'sismctor  rterv-vs  ct 
liactcd  the  spken  mjcfa  inoie  wbca  h  was  disloided  than  wfam 
was  constricted.  T^  donhilesi-  alw  iiiSaaKes  the  quantitati 
change  in  the  o;:iiiow.  b-.;t  aj^parcn-Jy  lo  a  leasw  degree.  The  qualil 
tiw  rcsfyMfcJC,  «M  cxxirse,  would  noi  be  aSeclcd. 


II.  The  Enrrrs  cff  Ctsase, 

t^rarc  was  cmTJo^-od  in  mti;y  m  oar  emfjimoiti.  to  secure  imrr 
biihy.  It  b  ibfTciiVc  TicvTsskT>  lo  bccic  w^ih  the  difcusaca  of 
v^HJH^TTHMtV  ji.~it.ins  and  ii;  the  posjJhniiy  k  iis  is'crierHKe  with  t 
\^)ts.iTivitiir  rcac'.i.ins  ti"^  ."';hrT'  r.in^^lu.iTis^  We  errfi)i'}"«i  Merck's  test 
curare  in  ;V  r.x;:irw  >^.i?e  .■c  5,5  ttj:  j«r  ti]«Ttic  ba3j-  wci^t  23c 
of  a  *  5  per  oral  f>.i^;::i.ic  ,  ;r.ie.-rei  Tiiha'  qiiih-  is:o  the  fento 
xTin.  This  b  coTXTi.N  ;as:  si^.-ifTii  to  arres:  re^Bration  and  mi 
cuUi  rcsjviRse  lo  *i.-iji:i.-  s;:Tr;.li.:i.ir,.  re  a  ifw  ainmBts  dmc  is  stil 
>-licV.U  prsc:kv,'\  Tvc'^ifiSic  Tr?qi.irhic,  TlK  in^oi&Qon  oi  o^t 
wa>  sJsriiV':  -.h.inN  St^^itt  :hf  nr-i-Tv  was  ir.iprtcd. 

Thf  rr:o.T   <iti   ;>m-  M.-vv^,  prt^^:i-f  b  rv-niciC   Tms^  1  to  5^.     T 
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fall  of  the  mean  blood  pressure,  with  somewhat  slower  but  still  rapid 
recovery.  The  final  pressure  is  very  slightly  above  the  original.  The 
vein  flow  from  the  perfused  spleen  is  somewhat  slowed,  showing  a 
moderate  stimulatiou  of  the  vasomotor  centre.  This  stimulation  gen- 
erally sets  in  while  the  pressure  is  falling;  but  exceptionally  there  may 
be  slight  dilation  during  the  fall.  The  constriction  generally  persists 
with  slightly  diminished  force  dur-  Figuke  1.  Ficuie  2. 

ing  the  recovery  of  the  blood  pres- 
sure; or  it  sets  in  at  this  time  if  there 
was  dilation  during  the  fall. 

The  fall  of  pressure,  as  read  from 
the  damped  mercury  manometer, 
averages  44  mm.  Hg,  or  more  prop- 
erly, 45  per  cent;  the  percentile  fall 
being  about  the  same  for  all  blood 
pressures  within  ordinary  limits  (Table 
I).  The  minimum  pressure  is  reached 
in  one  to  four  minutes  (usually  one 
and  a  half  minutes).  From  there,  the 
recovery  requires  two  to  fifteen  min-  ^'I'^f  '  "  ^""^'  f^"^-  *=■  «-2)- ,  I"  »" 


averages  6  mm.  above  the  original  the  damped  mercury  manometer,  shows  the 

level.    The  slowing  of  the  splenic  out-  "»««  Pt^^-  The  upper  base  line  traces 

a  .      f  u         1  the  abscissa  for  the  mercury  manometer 

flow  averages  17  per  cent.    The  rela-  „d  the  signals.    The  lowest  Une  shows  the 

tive    frequency    and    extent    of    the  rate  of  ^leen-Bow,  i. «.,  the  revolutions  o( 

constriction   dtuing  the  fall  and    in  fw  stromuhr.    The  dnun  moves  at  the 

.1  i_  •     Ti  LI      TT  rate  of  about  2.5  cm.  Dcr  minute.    In  this 

the  recovery  are  shown  m  Tables  II  '  "  '^.  „  ■    .  -,       . 

-  J  -  6gure  the  oiygen  was  started  at  2,  and 

and  III.  the  curare  at  3.    The  HQerthle  tracing  is 
of  the  type  A.     Note  the  sbwing  of  the 

The  central    vasoconstriction  p^J^J^C^^^E^C. 33-1).  Oxygen 

which  is  observed  with   the  curare     andcurareat2.   HOenhle  type  B.   Spleen- 

may  be  due  to  a  slight  asphyxia    ^'  ^.''«^- .  "^  ^«^  "=  <""  '^^ 
,  ,       ,         ,         .     ,     ,.  •  tl>e  original  size, 

from  the  altered  method  of  respira- 
tion, or  it  may  be  a  direct  expression  of  the  strychnin-relationship  of 
curare.  In  any  case,  it  is  evident  that  the  curare  fall  cannot  be  re- 
ferred to  central  vasomotor  depression.  Cardiac  depression  is  also 
absent  in  most  of  the  aiumals  (as  judged  from  the  Hiierthle  tracings), 
and  the  curare  fall  averages  35  mm.  in  these  animals  in  which  the 
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TABLE  I. 

7  THE  Initial  Blood  Pressure  o 


'  TEE  CuKiUE  Effects. 


Level  of 

the  original 

blood 

pressure. 

(mm). 

Number 

oi 

experi- 
ments. 

Average  fall  of  pressure    (mm.). 

Pressure 

after 
recovery. 

Riseii 

From 

To 

-mm. 

-% 

55-70 

3 

64 

35 

29 

45 

. 

80-105 

9 

97 

62 

35 

36 

< 

110—125 

10 

115.5 

54 

61.5 

53 

i: 

130-160 

6. 

143 

81 

62 

43 

1- 

TABLE   II. 
Relative  Frequency  of  Constriction  and  Dilation  (Spl 


Duiiiig  the  curare  fall. 

During  the  recovery  tl 

Further 
tion. 

Less 

tion. 

Filtecn  aoimala  showed  constriction. 
Seven  animals  showed  dilation  .    .    . 
Six  animab  showed  no  effect  .... 

1 
4 
3 

4 

0 
0 

0 

1 

TABLE   III. 
Average  Rate  of  Spleen-Flow. 


As  compared  with  the  flow  before  the 
curare,  the  rate  of  flow  was: 

In  the  ani- 
mals which 
reacted  by 

tion. 

which  re- 
acted by 
diUrion. 

In  all 
aniniaU. 

During  the  curare  fall 

During  the  recovery 

pnwit. 

83 
92 

P«<nt. 

116 
91 

97.5 
91 
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cardiac  excursions  were  not  diminished.  We  must  therefore  attribute 
the  fall  to  a  direct  peripheral  vasomotor  depression,  which  disappears 
again  very  promptly.  The  return  of  the  btood  pressure,  and  therefore 
the  disappearance  of  the  vascular  effect,  goes  hand  in  hand  with  the 
development  of  the  paralysis  of  the  skeletal  muscles.    One  can  scarcely 


FiGUXE  3.— Cxrdrt  (Exp.  C.  36-1).    Oxygen  >t  3,  curve  at  4.    HUerthle  type  C.    The 

q>leen-Oow  is  qukkcDed. 
FicuKE  4.  —  Typkal  Sciatic  Slimulctt^  after  Curare.    (Exp.  C.  36-1).    The  tndng  is  a 

direct  continiution  of  Fig.  3.    The  sdatic  wu  stimtikted  at  7. 

escape  the  impression  that  the  curare  is  taken  up  into  the  first  muscles 
which  it  encounters,  namely,  those  of  the  blood  vessels;  but  that  it  has 
a  greater  afl&nity  for  the  skeletal  muscular  structures  and  therefore  is 
rapidly  drawn  into  these. 

TIk  previous  division  of  the  vagi  does  not  alter  the  phenomena  materially 
(Table  IV}.  The  injection  of  atropin  (i  mg.  per  kg.),  however,  makes  the 
curare  fall  considerably  less  marked  (averaging  aa  per  cent  instead  of  46 
per  cent);  the  secondary  rise  is  also  larger.  The  effect  on  the  flow  is  the 
same  as  in  non-atropinized  animals.  We  do  not,  at  this  time,  offer  any 
explanation  for  this  peculiar  phenomenon,  but  have  excluded  the  atn^nn 
animals  from  the  Tables  I  to  m. 
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The  effxls  of  curare  on  the  Baerthle  tradngs  may  be  reduced  to  the  thrct 
types  shown  in  Figs,  i  to  3. 

In  type  A  (Fig.  i)  the  diastolic  pressure  falls  considerably,  the  systolit 
pressure  much  lesst    The  amplitude  is  somewhat  increased. 

In  type  B  (Fig.  3)  both  the  systolic  and  the  diastolic  pressures  fall,  usuall] 
with  a  moderate  decrease  of  ampUtude. 

TABLE  IV. 
Inflcence  of  Vagi  and  Atxopdi  on  Cubase. 


Num- 
ber of 

peri- 
ments. 

Blood  pressure 
(mm.  Hi). 

Curare 
Fall- 

Secondary 
RUe  = 

by  (per 
cent). 

t  ti 

li 

1 

H 

1 

ri 

Vagi  divided   ....  1     15 

AtK^in,  vagi  inlacl  ,         7 

1 

97 
121 

88.5 

52 

67.5 

69.5 

103 

127.5 
106 

45 

53.5 

19 

46 
44 
22 

6 
6.5 

17.5 

6 
5 
20 

22 
13 
14 

All  curare  eip's   .   . 

35 

105.5 

62 

U2 

43.5 

41 

6.S 

6 

17 

In  type  C  (Fig.  3),  the  systoUc  pressure  falls  and  the  diastolic  pressor 
rises.  The  amplitude  is  greatly  decreased.  Type  A  occurred  in  fifteen  ani 
mals;  B  in  seven,  and  C  in  only  three  animals.  The  heart,  therefore,  ap 
pears  to  be  weakened  in  only  three  of  the  twenty-five  animals. 

All  our  data  show  that  with  the  dose-of  curare  used  by  us,  ihe  bloot 
pressure  and  the  vasomotor  centre  are  practically  normal  witkiH  fifteet 
minutes  after  the  injection  —  at  most,  there  is  'a  slightly  increased  torn 
of  the  centre.  We  are  therefore  justified  in  transferring  results  ob 
tained  after  this  period  to  normal  anesthetized  animals. 

Comparison  with  previous  work  on  curare.  —  The  most  extensive  investi 
gation  of  the  circulatory  action  of  curare  is  that  of  TiUie."  With  small  anc 
medium  doses  (i  to  20  times  "normal"),  he  also  found  the  fall  of  blood  pres 
sure  to  be  very  short,  with  complete  recovery  in  one-half  to  ten  minutes 
Repetition  of  the  injection  again  lowers  the  pressure.  F.  Pick,"  using  jus! 
"  J.  Tillie:  Archiv  filr.  Experimeo telle  Pathologie  und  Phaimakolo^,  1890 


'  F.  Pick:  Ibid., 


),  zlii,  p.  410. 
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sufficient  curara  to  paralyze  the  muscles,  obtained  os  dogs  with  nonnal 
blood  pressure  (laoto  140  mm.),  an  average  fall  of  13  to  2omm.;9(HnetiBies 
there  was  no  fall.  Our  somewhat  higher  averages  are  probably  due  to 
more  rapid  injection.  With  very  much  larger  doses  (50  to  too  nonnal), 
Tillie  found  the  fall  to  be  more  lasting  and  the  leatveiy  imperfect.  With 
ordinary  doses,  the  final  pressure  often  rose  considerably  above  the  original 
in  rabbits,  but  not  in  dogs  or  cats.  In  our  experiments,  dogs  show  a  tend- 
ency to  this  secondary  rise,  but  it  is  slight.  Tillie  also  observed  the  cuiare 
fal"  after  division  of  the  vagi  and  after  atropin.  To  locate  the  mechanism  of 
the  fall,  he  excluded  the  vasomotor  centre  directly  by  destruction  of  the 
cord.  We  have  shown  that  the  centre  is  even  somewhat  stimulated.  The 
fall  must  therefore  be  due  to  depressing  the  peripheral  *^  vasomotor  mech- 
anism, or  of  the  cardiac  muscle.  Tillie  believed  that  the  heart  is  not  influ- 
enced even  by  the  largest  doses,  but  his  published  data  are  not  satisfactory 
on  this  point.  Our  experiments  show  that  even  moderate  doses  occasion- 
ally depress  the  heart,  presumably  indirectly;  but  this  is  so  rare  as  to  be 
unimportant.  The  essential  cause  of  the  lowered  blood  pressure,  therefore, 
lies  in  the  peripheral  vasomotor  mechanism.  Tillie  also  inclines  to  attribute 
the  short  duration  of  the  vascular  action  to  a  transfer  of  the  curare  from 
the  vessels  to  the  skeletal  muscles. 

The  effects  of  curare  on  the  central  vasomotor  control  of  the  kidney 
appear  to  be  strictly  analogous  to  its  effects  on  (he  spleen.  In  three 
experiments  the  curare  affected  the  kidney  perfuaon  as  follows: 
slightly  slowed  in  one  (C  30);  negative  in  one  (C  51);  slightly  quick- 
ened in  one  (C  82). 

III.  The  Efpects  of  Sciatic  Stotolahon. 

Stimulation  of  the  central  end  of  the  sciatic  nerve  is  a  favorite 
method  of  testing  vasomotor  response.  The  beautiful  quantitative 
studies  of  Porter  on  the  pressure  effects  and  the  careful  experiments  of 
Pick  and  Burton-Opitz  on  the  outflow  are  especially  important  in  the 
present  connection.  Before  discussing  these,  however,  we  shall  give 
the  results  of  our  own  experiments,  since  these  furnish  us  with  direct 
data  on  the  vasomotor  centre. 

The  effects  of  sciatic  stimiUation  were  tried  mainly  on  anaesthetized 
and  curarized  dogs.    As  we  have  shown,  the  vasomotor  system  may 

'*  The  word  "peripheral"  b  applied  by  us  exclusively  to  the  extra-central 
vasomotor  mechanism;  and  not,  as  b  sometimes  done,  to  the  skin  and  extremities. 
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be  considered  as  being  in  a  practically  normal  condition  when  ti 
curare  fall  has  passed  off.  The  stimulations  were  with  inductio 
currents  and  of  such  strength  and  duration  (usually  i  to  5  cm.  di 
tance  of.  the  Harvard  coil  for  one  minute)  as  to  secure  the  maximi 
rise  of  blood  pressure.  Under  these  conditions,  and  with  spleen  pe 
fusions,  the  following  results  were  obt^ned: 

The  average  of  thirt] 

one    such    experimen 

show  that  sciatic  stimi 

lation  raised  the  bloc 

pressure  from  120  nu 

to  150  mm.  with  a  r 

turn  to   128  mm.   aft 

the     stimulation       w: 

withdrawn.    The  actii 

rise,  therefore,  average 

30  mm.,  or  25  per  cen 

the   residual    rise    (tl 

level  reached  and  mail 

tained  several  minuti 

after  stoppmg  the  stimulation)  was  8  mm.,  or  6  per  cent.    Tt 

Hiierthle  tracings  show  increase  of  systolic,  and  especially  of  diastot 

pressure,  so  that  the  excursions  appear  somewhat  diminished  (Fig.  5 

The  spleen-flow  was  slowed  by  20  per  cent  during  the  stimulatioi 

and  remained  somewhat  slowed  (15  per  cent)  after  the  pressure  ha 

returned  to  constant.    The  stimulation  of  the  vasomotor  centre,  then 

fore,  appears  to  outlast  the  actual  stimulation  of  the  sciatic  (Fig.  4 

The  constriction  is  a  very  uniform  phenomenon;  but  it  is  often  precede 
by  a  quickened  flow,  due  to  the  expression  of  the  re^dual  fluid  by  the  coi 
tracting  spleen.  (Conversely,  the  expansion  of  the  spleen  probably  accouB' 
in  part  for  the  slowness  with  which  the  flow  recovers  after  the  stimulatio 
is  withdrawn.)  Very  exceptionally  {in  three  cases  out  of  thirty-two)  tl 
sdatic  stimulation  produced  a  pure  quickening.  One  animal  (C  10}  showc 
all  three  reactions:  the  first  stimulation  produced  a  pure  quickening;  1} 
second,  pure  slowing;  the  third,  slowing  preceded  by  quickening;  the  fourtj 
pure  slowing.    The  blood  pressure  rose  with  each  stimulation. 

InHuence  of  division  of  both  vagi  on  sciatic  slitnuiaticn.  —  If  tl 
vi^  have  been  divided,  sciatic  stimulation,  on  the  average,  raises  tl 


—  Typical  Sciatic  Response  during  Curare. 
(Eip.  C.  55-2.) 
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pressure  somewhat  more  (10  mm.)  and  the  vasomotor  stimulation  is 
also  greater.  The  difference  is  not  so  large  as  to  deserve  much  con- 
sideration. Division  of  depressor  paths  suggests  itself  as  a  possible 
explanation. 


!«  Sciatic  Stihulatiok. 


Number 
ot 

menu. 

Blood  prenure 
(nSn.) 

Riie  - 

(lowed 
by  (per 
cent). 

Before 
adatic. 

During 
idatic. 

„.. 

Per 
cent. 

Vagi  intact 

Vagi  divided 

10 
16 

5 

121.4 
121.fi 
113.4 

145 

156.3 

141.2 

23.6 
37.4 
27.8 

19.5 
28.5 
24.5 

9 
13 

25 

Influence  of  the  level  of  Ike  initial  Mood  pressure  on  the  sciatic  stimu- 
liition.  —  In  our  experiments,  the  actual  rise  (in  millimetres)  was 
approximately  the  same  for  blood  pressure  ranging  between  70  and 
160  mm.  The  level  to  which  the  blood  pressure  rises,  therefore,  in- 
creases with  the  original  pressure;  and  the  percentile  rise  tends  to 
vary  inversely  to  the  initial  blood  pressure.  These  results  agree 
quantitatively  with  those  of  Porter,  liie  residual  rise  is  less  for  higher 
pressure,  even  when  judged  by  millimetres.  The  degree  of  vasomotor 
stimulation,  as  expressed  in  slowing  of  the  vein-flow,  did  not  Jaear 
any  simple  relation  to  the  blood  pressure. 

Comparison  of  sciatic  stimulation  with  asphyxia.  —  For  the  sake 
of  comparison,  we  may  add  that  the  vasomotor  centre  is  stimulated 
much  less  by  the  sdatic  than  it  is  by  asphyxia;  in  four  experiments  in 
which  both  measures  were  tested,  the  average  slowing  from  sciatic 
'  stimulation  was  19  per  cent;  from  asphyxia  55  per  cent,  1.  e.,  about 
three  times  as  great. 

Comparison  of  the  sciatic  rise  with  that  of  aortic  compression.  —  A 
comparison  of  the  rise  of  blood  pressure  by  sciatic  stimulation  with 
that  produced  by  clamping  the  descending  thoracic  aorta  may  be  of 
interest.  In  two  experiments  in  which  the  two  measures  were  com- 
pared, the  pressure  arose: 
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BLE  VI. 

nu  ON  Sciatic  Stivulation.' 


Rise  in  nun. 

Percentile 

Slowing  o( 
spleen-flow. 

II 

11 

Si 

II 

II 

32.2 

_ 

34.5 

_ 

i 

31.6 

7.3 

35 

8 

1 

32.0 

8.0 

35 

9 

20 

11 

28.9 

- 

25 

- 

i 

30.6 

17.2 

26.5 

15 

) 

40.0 

20.0 

34 

17 

20 

16 

27.3 

- 

20 

- 

i 

26.0 

5.7 

19 

4 

) 

27.0 

11.0 

20 

8 

9 

5 

33.6 

- 

22 

- 

1 

28.3 

0.3 

19 

0.2 

1 

26.0 

0 

17 

0 

56 

34 

30.3 

_ 

2S.5 

- 

f, 

29.0 

7.6 

23 

6 

20 

30.0 

- 

25 

- 

31.0 

9.0 

27 

8 

23.5 

15 

ed  to  some  of  tlie  experiments,  as  is  indiattcd 
»"  as  an  example,  the  rise  o(  blood  pressure 
1  experiments.  In  23  of  these  the  reaadtuJ 
'dn-flow  was  recorded,  etc.  All  the  avkilablc 
h  oF  these  subgroups.  This  had  the  further 
Error  in  the  aver^es.  For  instance,  the  rise 
I  30.3  mm.  The  subgroups  of  23,  19,  and  IS 
ime  rise;  the  chance  of  error  is  therefore  very 
much  more  variable  within  eadi  groi^;  tlie 
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On  sdatic  stimulation,  from  126  to  145  =  19  mm. 

On  aortic  compression,  from  129  to  204  =  75  mm. 

The  sciatic  rise  is  therefore  only  a  fourth  of  that  produced  by  com- 
pression of  the  aorta. 

The  central  vasomotor  reaction  of  the  kidney  to  sciatic  stimulation.  — 
This  is  in  every  respect  similar  to  that  of  the  spleen.  In  five  stimu- 
lations (after  curare)  on  three  animals  (C  30,  51,  and  82)  the  kidney 
flow  was  slowed  four  times  and  was  unaffected  once.  The  average 
slowing  amounts  to  20  per  cent,  i.  e.,  approximately  the  same  as  in 
the  spleen.  (Burton-Opitz  and  Lucas ''  have  pointed  out  that  if  the 
kidney  is  left  connected  with  the  systemic  circulation,  reflex  renal 
constriction  is  more  or  less  overcome  mechanically  by  the  increased 
blood  pressure,  so  that  the  renal  blood  flow  may  be  but  slightly 
decreased.) 

The  central  vasomotor  reaction  of  the  leg  to  sciatic  stimulation.  — 
This  is  also  very  similar  to  the  spleen-reaction.  It  was  observed  in 
the  following  manner: 

In  dogs  C  3  and  4,  one  leg  was  separated  completely  from  the  systemic 
circulation  by  ligating  and  dividing  the  muscles  in  small  masses.  The  sciatic 
nerve  was  left  intact.  Perfusion  was  done  through  the  femoral  artery  and 
vein,  curare  being  injected  both  into  the  animal  and  into  the  perfusing  fluid. 
The  sciatic  was  stimulated  on  the  opposite  side.  In  five  stimulations  on 
these  two  animals,  the  flow  was  slowed  three  times,  quickened  once,  and 
unaffected  once. 

In  cats  C  32  and  23,  the  perfu^on  was  made  through  the  iliac  artery  and 
vein,  without  dividing  the  muscles.  The  animals  weie  curarized.  The  re- 
sults were  not  so  satisfactory;  of  four  stimulations  of  the  o[^x>site  sciatic, 
two  were  negative,  one  g^ve  constriction,  and  one  dilation. 

In  dog  C  24,  the  perfusion  was  made  from  the  femoral  artery  to  the 
femoral  vein  without  dividing  the  muscles.  Stimulation  of  the  opposite 
sciatic  gave  good  slowing  (25  per  cent). 

IV.  Influence  op  the  Curare  Fall  on  Scutic  Stimulation. 

As  we  have  seen,  curare  causes  a  temporary  fall  of  pressure  by  a 
peripheral  vascular  action.  The  effect  of  this  on  the  response  to 
sciatic  stimulation  opens  up  a  series  of  very  interesting  problems. 

"  BtisTON-Oprrz  and  Lucas:  Proceedings  of  the  sodcty  of  cxperimenul 
biology  and  medicine,  1909,  vi,  p.  73. 
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the  results  of  sciatic  stimulation 
tion;  when  the  pressure  was  falli 
JT  recovery  was  complete.  The  resi 
ilso  Table  X.) 

BLE  vn. 

ABG  ON  Sciatic  Response. 


After 

curare 

, 

ispleen-fl 

lifi 

is  ill 

|-r|-l;i 

56       » 

89 

107  1    33 

SI         31   ' 

52  ;    81 

122 

120       41 

39           •  1 

58  ,  114 

140 

122  <    26 

8        12 

—  ,  120 

ISO 

128       30 

8       20 

"  Flow  quickened  by  30  pts  cent. 

rises  Hiiring  (maximal)  sciatic  stii 
oillimetres,  whether  the  curare  act 
6,  and  7).  The  degree  of  the  cm 
sdatic  re^tonse.  In  the  experime 
s  to  less  than  30  mm.,  sciatic  stii 
if  31  DUD.;  with  the  fall  between 
-eraged  33  mm.;  with  the  curare 
g«i33mm. 

iA  during  the  fall,  the  rise  does  : 
lal  le\'el;  but  almost  in\'ariably 
len  the  stimulus  is  removed  (Fig. 
taneous  passing  fA  the  curare  act 

d  that  the  peripheral  \-asomotor  < 
jes  not  lessm  the  degree  of  aven 
uktiixi.  In  indi\idual  experimei 
it  may  be  noted  that  sciatic  stimo 
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tion  at  the  depth  ui  the  curare  fall  causes  no  rise,  but  resumes  its 
efficiency  a  few  minutes  later.  This  suggests  the  possibility  that  the 
strength  of  the  sciatic  stimulation  may  influence  the  result.  We  have, 
therefore,  made  experiments  in  this  direction: 

The  influence  of  the 
intensity  of  sciatic  stim- 
ulation on  the  reflex 
pressure  response.  — 
Porter  and  Richard- 
son ^  have  aimoimced 
that  the  intensity  of 
the  response  increases 
with  the  inten^ty  of 
the  stimulation,  until 
a  maximum  is  reached. 
Porter  and  Pratt  "  fiiid 
that  the  same  law 
applies  to  depressor 
stimulation.  Our  ex- 
periments on  sciatic  Ficuke  6. 
stimulation  fully  con- 
firm these  conclu^ons. 


Sciatic  SUmvlatieK  at  Succesiipe  Stages  of 
Curare.  (Eip.  C.  31-1.)  Note  th«  coDtinued  ascent  of 
the  pressure  after  stimulation. 


Using  the  Harvard  coil  with  a  gravity  battery,  the  response  to  sdatic 
stimulation  at  various  distances  of  the  secondary  coil  was  as  follows: 
Experiment  C  84-    Curarized  dog  with  very  slight  respiratory  response. 


Serial  number  of 

Distance  of 

Rise  of  blood 

the  stimulation.          se 

condary  coil. 

13 

0  cm 

70° 

167-174 

7  mm. 

II 

o  cm 

43" 

170-185 

IS  mm. 

14 

o  era 

4S° 

170-184 

14  mm. 

8 

o  cm 

160-180 

20  mm. 

9 

o  cm 

158-185 

27  mm. 

lO 

o  cm 

161-190 

28  mm. 

IS 

o  cm 

168-189 

21  mm. 

i6 

8  cm 

170-195 

25  mm. 

iS 

6  cm 

170-208 

38  mm. 

19 

6  cm 

172-208 

36  mm. 

■*  FOBTEB  and  Ricbasdson:   This  journal,  1908,  zixiv,  p.  34. 
'•  Porter  and  Pratt:  Ibid.,  p.  35. 
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The  inHuence  of  curare  on  sciatic  stimuhtidns  of  different  intensity.  - 
Non-curarized  animals  react  so  complexly  to  sciatic  stimulation 
that  we  abandoned  the  comparison  of  curarized  and  non-curarize 
animals,  and  instead  compared  the  response  before  and  after  M 
vasomotor  effects  of  the  curare  had  worn  off  —  using  stimuli  of  diffe 
ent  strength  on  the  same  animal. 

The  results,  arranged  in  the  order  of  the  magnitude  of  re^x>ii< 
after  recovery,  are  briefly  as  follows: 


Experi- 
ment 
number. 

Distance 
ofcoUs 

(cm.) 

Rise  of  pressure  in  (mm.) 

Level  of  blood  pressutE 
just  before: 

Reductin 

(a)  After  re- 
covery from 

(b)  During 
the  vasomo- 
tor action  of 
the  curare. 

(a) 

Cb) 

of  the  so 

aticriseb 

cuTue. 

93 

10 

none 

Done 

135 

135 



94 

10 

6 

8 

80 

88 

(-2) 

90 

10 

8 

none 

192 

200 

8 

94 

7 

n  ■" 

10 

80 

80 

4.5 

82 

10 

iS'" 

8 

105  ( 
140 1 

77 

9.5 

90 

6 

22 

15 

185 

200 

7 

84 

10 

gl2,.S 

i?}»» 

1581 
162  f 

1601 
168  ( 

7 

94 

0 

32 

32 

78 

90 

0 

93 

0 

S(3" 

34 

125 

128 

3.5 

90 

0 

43 

32 

182 

120 

11 

If  these  data  are  averaged,  it  is  found  that,  with: 


6-S    nun.,  average  j  mm. 
12-28  mm.,  average  20.4  mm. 
32-43  mm.,  average  37.5  mm. 


3  mm.  or  43  % 
7.2  mm.  or  35  9c 
4.5    mm.  or  12  % 


This  shows  that  the  curare,  for  a  brief  period  after  its  injectioi 
reduces  very  materially  the  response  to  sub-maximal  sciatic  stimuli 
tion,  while  it  interferes  to  a  much  less  degree  with  maximal  stimuli 
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tion.    The  curare  fall  of  blood  pressure  can  therefore  be  explained  by 
peripheral  blocking  of  the  tonic  vaso-constrictor    impulses.     With 
moderate  doses  of  curare,  this  block  is  but  partial  and  can  be  com- 
pletely   overcome    by    the 
stronger  impulses  resulting 
from  maximal  sciatic  stimu- 
lations.    With    very    large 
doses  the  block,   according 
to  TiUie  (^  c.  p.  29),  is  com- 
plete.    Since    barium    still 
causes  a  rise,  he  concludes 
that  the  curare  does  not  act 
directly    upon    the    arterial 
muscle,  but  rather  upon  the 
nerve-endings.    He  made  no 

..»*a_n»  t-.  «.^i..J«  tl.»  .»...»       Figure  7.  —  Sdalic    Slimuiation    at    Succatite 

attempt  to  exclude  the  vaso-       _,        ,  ^  ,„      ^  ~-  , ,   xi  .   .■.  . 

^            ,.         —-  .            .  Sloga  of  Curort.     (Eip.  C.  26-1.)    Note  that 

motor   gangha.     This    point  the  «cUve  rise  U  the  s»me  at  2,  3,  and  4;  the 

is  still  in  need  of  investiga-  residua]  pressure,  however,  is  higher  after  each 

tion;    but    the    prompt    and  stimulation,  i.  «.,  as  the  curare  action  diaap- 

_       ,                  ....  pears.    The  high  rise  at  5  is  asphyiial. 
fleetmg      action      mdicates 

rather  strongly  that  Tillie's  view  is  correct. 


V.  The  Percentile  and  Absolute  Rise  op  Blood  Psessoke  as 

CSITEKIA  OF  VASOMOTOK   RESPONSE. 

The  changes  of  blood  pressure  on  stimulation  of  afferent  nerves 
furnish  the  most  convenient  means  for  judging  the  excitability  of  the 
vasomotor  centre.  Systematic  quantitative  studies  in  this  direction 
have  been  made  by  Porter  and  his  pupils;  '^  and  our  work,  in  so  far 
as  it  covered  the  same  ground,  has  yielded  identical  results.  The 
interpretation  of  the  results,  however,  is  not  always  a  simple  matter. 
It  is  self-evident  that  the  blood  pressure  ceases  to  be  a  reliable  index 
of  vasomotor  response,  if  the  cardiac  activity  or  the  total  volume  of 
blood  are  simultaneously  altered.    When  such  alterations  can  be  ex- 

"  These  studies  are  conveniently  summarized  in  Porter's  Harvey  Lecture 
(Harvey  Lectures,  1906, ii,  p.  98).  The  originals,  however,  must  be  consulted  for 
the  quantitative  data. 
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ntal  question  whether  the  i 
blood  pressure  is  the  coir 
tion  becomes  important  wi 
ferent  leveb  of  blood  pressu 
use  his  example,  "  stiinulati 
e  the  blood  pressure  was  i 
hen  the  pressure  was  50  mn 
,  rise  of  35  mm.  The  absoli 
first  instance  this  change  1 
'O  per  cent,"  In  other  wor 
irion,  the  vasomotor  respoi 
li  pressures.  If  the  percent 
tre  responded  twice  as  pow 

;r  is  of  very  considerable  i 
rion  will  lead  to  serious  err 

opinion  of  Porter  {I.  c),  1 
:;  but  the  analogy  he  addm 
icing  and  might  easily  be  vi 

unfaithful  trustee  robs  t 
other  $30.ooo.  From  each 
tie  same,  but  one  woman  c 
must  woA  or  b^." 
:entile  loss  of  the  two  won: 
ile  gain  of  the  trustee  is  1 
clear  whether  the  blood  pr 
>r  of  the  women.  It  b  v< 
ched  in  a  more  direct  mann 
the  question  expeiimentaJ 
'  the  \-a50motor  centre  at  c 

test  object,  the  spleen,  is  i 
^  of  altned  blood  supply, 
b  practically  indcpendoit 
'  so  low  as  to  produce  cereb 
le  rise  b  therefore  the  great 
g  to  Porter's  conception,  I 

i.yM$.  xrvi.  [>>.  461. 
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TABLE  vm. 

Sciatic  Response  Akmanceo  by  Blood  Pe£SSUK£. 


Serul  Number. 
(C) 

Blood  pressure  !     Rise  in  nun. 
before  stimula-  '         during 
tion.          1     itimuUtion. 

Slowing  of 

14 

70 

25 

30 

42 

87 

18 

25 

43 

90 

48 

18 

15 

93 

52 

13 

1 

100           '             40 

24 

11 

100                        10 

U 

43 

112           j             23 

36 

33 

115           !             15 

0 

1 

120 

40 

20 

13 

120 

30 

—9' 

39 

120 

35 

25 

25 

120 

55 

5 

36 

120 

13 

—3' 

16 

130 

20 

18 

•     29 

135 

45 

12 

10 

138 

22 

—ISO' 

41 

140 

IS 

0 

10 

145 

23 

50 

10 

148 

15 

S7 

37 

160 

40 

65 

29 

165 

55 

18 

■  Flow  quickened. 
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■acts  more  powerfully  the  lower  the  blood  pressun 
1  the  slowing  of  the  spleen-flow,  by  our  methoc 
rhen  the  sciatic  is  stimulated  at  the  lower  pre 
data  on  this  point  are  presented  in  Tables  VIC 

TABLE  DC. 
jvtion  at  Different  Pkessdkes  on  ike  Same  Akimals. 

tion  at  lower  pressures.  Stimulation  at  higher  pressures- 

I  Rise  in  mm.:  Slowing  of  Blood  pres-  |  Rise  m  |  Slowing  o< 
I  during  r  spleen-flow  sure  before  |  mm.  dur-  j»ileen-Bo« 
..stimulation.'  (per  ccDt),    stimulation.'  ins  stim.  .(percent). 

I  :  I I 


i 


the  series  of  sdatic  stimulations  made  after  the  curar 
aS.  Tbe  experiments  are  arranged  in  the  order  of  th 
I  pertained  just  before  the  sdatic  was  stimulated.    Tb 

those  in  the  last  column,  since  the  percentage  reductio 
licate  the  degree  of  constrictor  response.    A  glance  wi 

the  slowing  does  not  decrease  from  tbe  lower  to  th 
ihould  do  if  Porter's  assumption  were  correct.  Th 
from  different  animals,  are  naturally  too  irregular  t 
;es.  It  is  necessary-  to  eliminate  the  extremes.  If  thi 
;e  slowing  is  somewhat  less  for  the  exp>eriments  beloi 

per  cent)  than  for  those  above  lao  mm.  (equals  94. 

words,  our  direct  results  from  this  series  speak  again: 


x)nsiderable  chance  of  error  introduce  by  the  \'ariab] 
^Dt  spleens,  we  present  in  Table  IX  the  effects  of  sdati 

iments  53.  ti.  43,  and  14  are  eliminated  from  those  belo 
lents  10.  41,  37,  and  10  from  those  above  lao  mm. 
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stimulatioD  made  at  different  levels  on  the  same  animals.  Here  it  will  be 
se«i  that  the  constrictor  response  is  uniformly  somewhat  greater  at  the  Hgh 
pressures.  This  is  eveo  more  than  would  appear  from  the  figures;  for  at  the 
higher  levels  the  centre  is  already  exerting  somewhat  more  tone  (the  flow 
before  stimulation  averaging  16  per  cent  less  than  at  the  lower  levek).  The 
centre  must  therefore  presumably  send  out  even  a  somewhat  more  powerful 
impulse  to  obtain  a  further  constriction. 


E  Saue  Animals  c 


Serial 

Number 

(C). 

Blood  pres- 
sure before 
stimulaUon. 

Rise  in  niiii.|  Slowing  of 
during     ■  spleen-flow 

stimulation.]  (per  cent). 

Bhiod  pres- 
sure before 
stimuUUon 

Rise  in  mm 
during 

sUmula- 
tion. 

(!per«nt). 

25 
31 

33 

39 
41 
41 

30 
40 

35 

60 
90 
60 

30                 24        ^        120 
10                 25                 86 

17        1         28                  70 
20       {         22                120 
50       i       -8                140 

■0    1      ,    ,     » 

55 
30 
25 
35 
15 
6 

5 
48 
33 
23 

0 
—6 

Average 

53 

22                 14                103 

27        1        18 

Table  X  compares  the  response  during  the  curare  fall  with  that  of  the 
higher  pressures,  when  the  curare  action  had  more  or  less  disappeared.  Al- 
though the  difference  of  pressure  is  here  very  great  (nearly  100  per  cent),  the 
response  is  still  identical,  or  rather  somewhat  greater  at  the  higher  levels. 
(Here,  again,  the  slow  before  stimulation  averaged  15  per  cent  less  than 
at  the  lower  level.)  j 

The  facts  elicited  by  our  method  therefore  give  a  negative  answer 
to  Porter's  assumption. 

The  vasomotor  centre  does  not  react  more  powerfully  to  sciatic  stimu- 
lation at  low  pressures ;  and  therefore  the  absolute  rise  is  a  more  reluMe 
criterion  of  its  response  than  is  the  percentile  rise. 
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!ve  that  a  priori  reasoning  is  in  entire  atxo 
>nclusion.    The  facts  can  be  readily  undi 
)ler  but  strictly  analogous  example: 
:t  of  two  identical  stimuli  thrown  into  t 

times?  Inevitably,  if  the  muscle  is  in  t 
will  contract  with  the  same  force  each  tin 
E  equal  force,  coming  from  the  vasomot 
terial  muscle  to  contract  with  equal  fon 
sake  of  simplicity  that  the  arteriaJ   mus< 

state.)  Let  us  say  this  force  is  equivale 
m  the  entire  arterial  system.  If  we  have 
inder  pressure,  and  we  allow  an  addition 
pon  it,  we  shall  increase  the  pressure  by 
e  original  pressure  may  have  been.  If  U 
ncreased  by  35  mm.  or  35  per  cent.  If  t 
nmi.,  it  will  also  be  increased  by  35  mm.- 
jy  70  per  cent. 

that  this  is  the  actual  fact,  both  in  Porte 
ira.  According  to  strictly  physical  laws,  1 
le  intensity  of  vasomotor  stimulation  wou 
y  the  same  number  of  millimetres^  and  thei 
ise  would  be  the  greater,  the  lower  the  bIo< 
Is,  the  absolute  rise  and  not  the  percent] 

measiure  of  the  intensity  of  the  vasomot 

:e  that  we  do  not  con<xive  the  conditions 
1%-e  sketched.  For  we  are  making  the  assum 
iscle  is  alwa>-s  in  the  same  functional  sta( 
d  pressure  —  that  it  alwa>'s  re^wnds  to  t] 
une  force. 

tents  of  the  results  with  the  theory  seems 
irithitt  ordinary-  phj-^ological  limits;  althouf 
n-  which  is  stretched  or  rdaxed  beyond  the 
nrntly, 

irect  nMasurvnwoU  ol  the  influence  fA  rcsistan 
irtrrul  o.'-ntractloa.  How%-«r,  the  in^'cstigitii 
injrt?  uf  wilume  1^  k  limb  with  cffcrait  vasoco 
«iw  whifther  the  \-esseb  were  pm-iously  relaun 
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by  heat  or  contracted  by  cold  (within  a  range  of  temperature  between  10.5 
aiid4o''C.).  " Fiir die Gefassmuskulatur der  Wirbelthiere  gilt  nach  meinen 
obigen  Erfahningen  jedenfalls  der  Satz,  dass  henunende  und  erregende 
Nerven  gleich  wirken,  unabhangig  davon,  ob  die  Muskulatur  relativ  schlaff 
Oder  kontrahiert  Est"  (Zeitschrift  fiir  Biologie,  lii,  p.  310).  This  is  in 
entire  agreement  with  our  conception.  It  is  also  well  known  that  the  shorten- 
ing of  skeletal  muscle  is  not  lessened  by  fairly  high  resistance  {e.  g.,  Fig.  38, 
in  Heinz,  Handbuch  der  experimentelle  Pathologie  und  Pbarmakologie, 
i,  p.  488). 

Similarly,  the  pre-existing  state  of  the  vasomotor  centre  —  whether 
or  not  it  is  already  in  a  state  of  stimulation  when  the  reflex  stimulus 
is  thrown  in  —  may  introduce  complications.  Of  this  our  vein- flow 
observations  offer  some  clear  illustrations,  as  in  Experiment  C  29. 
This  doubtless  accounts  for  many  of  the  irregularities. 

Experiment  C,  9  {Chloroform).  —  Before  the  administration  of  chloroform, 
sciatic  stimulation  raised  the  pressure  from  165  to  no  mm.  and  slowed 
the  spleen-flow  from  73  to  60  units.  Chloroform  was  then  administered, 
and  the  pressure  fell  progressively.  The  fall  was  due  entirely  to  cardiac 
weakening,  for  the  spleen-flow  was  slowed,  indicating  (anemic)  vaso- 
motor stimulation.  When  the  pressure  had  fallen  to  110  nun.,  the 
sciatic  was  again  stimulated.  This  caused  a  very  powerful  vasomotor 
stimulation,  the  flow  being  slowed  from  63  to  32  imits.  Nevertheless, 
the  blood  pressure  rose  only  3  mm.,  the  weakened  heart  evidently  being 
unable  to  work  against  the  high  resistance. 

As  the  pressure  continued  to  fall,  the  asphyxial  vasomotor  stimula* 
tioD  became  more  and  more  intense,  the  spleen-flow  being  reduced  to 
7  units  when  the  pressure  reached  105  nun.  At  this  point,  sciatic  stimu- 
lation caused  no  further  slowing  —  not  because  the  centre  was  para- 
lyzed, but  because  it  was  already  stimulated  to  its  maximum  response. 
(It  is  scarcely  necessary  to  add  that  these  results  are  not  typical  of 
the  ordinary  actions  of  chloroform.) 

On  the  other  hand,  the  blood  pressure  record  may  become  totally 
unreliable,  as  an  index  of  vasomotor  stimulation  if  the  cardiac  force 
happens  to  alter  at  the  same  time  as  in  the  experiment  just  quoted. 
These  irregularities,  however,  are  not  of  sufficient  frequency  and 
extent  to  affect  the  averages. 

We  have  so  far  considered  only  the  pressor  stimuli  —  but  the  case 
is  precisely  the  same  with  depressor  stimuli  —  for  Porter  has  shown 
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that  the  two  obey  the  same  laws  (see  espedally  the  correspondence 
the  curves  on  p.  404  of  vol.  20,  This  journal).  If  we  subtract  a  for 
of  55  mm.  —  or  add  a  negative  force  of  that  magnitude  —  the  pre 
sure  in  the  system  will  be  decreased  by  35  mm.  —  again  independoit 
of  the  original  pressure. 

With  this  correction  of  the  apparently  erroneous  assumption  thi 
the  percentile  change  is  the  proper  criterion  of  >'asomotor  respond 
some  of  the  deductions  which  Porter  had  drawn  must  be  re\'i5e 
although  the  revision  is  mainly  quantitative.  When  he  finds,  i 
instance,  that  certain  conditions  or  grades  of  shock  and  hemorrhaj 
¥fith  low  blood  pressure  still  gi\x  the  same  percentile  re^mnse.  tl 
does  not  mean  that  the  centre  is  unaltered:  for  since  the  absolu 
response  is  considerably  less,  the  excitability  of  the  centre  must  1 
d^ressed.  In  another  paper  we  shall  show  that  this  depres^on  a 
tually  occurs  in  moderate  grades  0/  hemorrhage.  A  fair  degree 
acti\ity  remains,  howe^-er.  in  the  face  of  adverse  omditions,  so  loi 
as  these  do  not  involve  too  se\'ere  and  espedally  too  prolonged  anem 
or  asph>"siation  of  the  centre.  The  merit  of  this  discoverv-  of  Portei 
is  by  no  means  diminished. 

On  the  other  hand,  his  deduction  that  the  excitability  increases ; 
the  blood  pre&suiv  falls  must  be  abandoned.  There  is  indeed  an- 11 
crease  ot  the  automatic  tone  of  the  centre  in  all  acutely  indua 
anemias,  as  we  shall  show  in  another  paper:  but  Porter's  results  1 
well  as  ours  show  that  this  does  not- materially  alter  the  reflex  exd 
ability.  As  a  pn>tecti\-e  mechanism,  this  mcreased  automatic  toi 
wv^iiM.  oi  wurse.  be  \-astly  more  useful  than  increased  exdtabtlity  1 
un'jsual  reflex  stimulation. 

Cotiiinj:  now  to  the  obser^-ations  of  Porter  and  Richardson  *  on  tl 
va!*.^tiiotor  resjxinse  of  dinerenl  anirr-ils  the  error  of  the  perc^iti 
.  meth>.>d  accounts  \"er>'  sin'.ply  for  the  apparent  anomah'  of  the  do 
The  results  ?.howi:\i  that  ihe  percentile  sciatic  rise  av'eraged  47  p 
cent  with  all  animaU  excei^>l  the  dos:  in  the  dog  it  averaged  only  . 
per  cent.  This  the  authors  attribute  to  an  idiosyncrasy  lot  cuiai 
without  avh-ancini:  any  e\"iv:en>,-*  for  their  asjRnnpliocL  An  ^ramiw 
tion  o!  their  lab'es,  fcowc\Tfr.  inviicates  ifaat  it  b  due  stmph-  to  t 
tact  th^it  the  a\"era=?^  blvwi  pressure  of  their  dogs  was  125  mm.,  wh 
the  a\-eraix  ot  the  other  Ari,r.-,jus  was  frora  ;S  to  S3  mm. 

'  r.-«rKK  ar\i  RskTiuirtiOM  Tbis  .vfirsaL  i  jof,  nffi,  pi  i^i. 
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Arranged  by  the  absolute  rise  (and  disregarding  the  cases  in  which 
the  btood  pressure  was  below  50  ram.  and  the  vasomotor  centre  pre- 
sumably injured),  the  animals  would  form  the  following  series:  — 

Guinea  pig  24-37 

Rat  ZZ-3S  mm. 

Dog  J4-37  "in™- 

Rabbit  31-43 

Hen  38-45  nun. 

Cat  34-5S  mm. 

This  criterion  again  leaves  untouched  the  main  fact,  namely,  that 
the  vasomotor  response  of  these  different  animals  is  remarkably 
similar,  although  not  absolutely  identical. 


Conclusions. 

1.  A  method  is  described  for  studying  the  reactions  of  the  vaso- 
motor centre,  without  the  usual  complicating  factors. 

2.  The  injection  of  curare  sUghtly  stimulates  the  vasomotor  centre. 
The  temporary  fall  of  pressure  is  due  to  a  peripheral  action. 

3.  Maximal  stimulation  of  the  central  stump  of  the  sdatic  nerve 
stimulates  the  vasomotor  centre  so  as  to  decrease  the  spleen-flow  by 
20  per  cent,  on  an  average  (the  blood  pressure  rising  30  mm.  or  25  per 
cent).    The  result  is  not  affected  by  previous  section  of  the  vagi. 

The  absolute  rise  of  the  pressure  is  the  'same  for  blood  pressures 
ranging  between  70  and  160  mm.  The  percentile  rise  therefor  varies 
inversely  to  the  level  of  the  blood  pressure.  The  response  of  the 
vasomotor  centre  does  not  bear  any  simple  relation  to  the  blood 
pressure. 

The  response  of  the  vasomotor  centre  to  sciatic  stimulation  is  only 
about  one-third  as  powerful  as  is  its  response  to  asphyxia. 

4.  During  the  brief  vasomotor  action  of  curare,  there  is  a  consider- 
able peripheral  block  to  weak  and  moderate  vasomotor  impulses. 
This  may  be  completely  overcome  by  strong  vasomotor  stimulation 
(if  the  quantity  of  curare  is  not  too  large). 

5.  The  absolute  change  of  the  blood  pressure  appears  to  be  a  more 
correct  index  of  degree  of  vasomotor  response  than  the  percentile 
change. 
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tized  man  imder  a  major  operation  nowadays,  and  that  of  a  man 
under  a  like  operation  before  the  discovery  of  anaesthetics,  is  afforded 
by  their  breathing.  Formerly  every  stroke  of  the  surgeon's  knife 
elicited  the  rapid  respiration  of  pain.  Now  the  patient  breathes  deeply, 
slowly,  quietly.  It  is  probable  that  in  the  prevention  of  shock  by 
anaesthetics,  the  abolition  of  consciousness  b  merely  incidental.  It 
is  the  influence  of  intense  afferent  irritations  upon  the  centres  of  the 
spinal  bulb,  not  upon  those  of  the  cerebrum,  which  induces  shock. 
Death  from  sheer  pain  shortly  after  surgical  operations  was  formerly 
a  frequent  occurrence.  Such  fatalities  were  probably  of  the  type 
described  in  the  preceding  paper  of  this  series.'  It  was  there  shown 
that  fatal  apncea  vera  is  the  natural  consequence  of  proloi^ed  pain- 
hyperpncea. 

Nevertheless  deaths  still  occur  on  the  operating  table,  and  in  the 
majority  of  cases  respiration  fails  first.  These  fatalities  are  now, 
however,  supposed  to  be  caused  by  the  anaesthetic  itself.  They  are 
explained  vaguely  as  due  to  the  condition  of  the  subject.  Often  they 
are  charged  to  the  lack  of  skill  of  the  aiuesthetist.  Yet  the  most 
skillful  aniesthetist  has  to  rely  wholly  upon  empiricism  and  art. 
There  is  at  present  no  clear  scientific  comprehension  of  the  reason 
why,  under  apparently  similar  conditions,  and  with  the  same  quantity 
of  anaesthetic,  one  case  continues  to  breathe  regularly,  while  another 
passes  into  apnoea. 

n.  Failihie  of  Respiration  traoER  An-«sthesia. 

The  highest  percentage  of  mortality  of  any  series  of  anaesthesias  of 
which  we  have  knowledge  occurred  in  this  laboratory  three  years 
ago.  The  subjects  were  thirty  cats,  all  more  or  less  wild.  The  anaes- 
thetists were  students  without  previous  experience.  The  anaesthetic 
was  chloroform.  Most  of  the  animals  resisted  anaesthesia;  they  strug- 
gled and  breathed  vigorously.  Within  twenty  minutes  after  the 
anaesthetists  took  charge  fifteen  of  the  animals  had  stopped  breathing. 
Ten  of  them  died.  Five  others  were  only  saved  by  persistent  artificial 
respiration.  In  thirteen  cases  the  apnoea  occurred  before  the  animal 
had  been  touched  by  a  knife. 

^  Consideration  of  the  course  of  events  in  these  cases  brought  out 
*  Y.  Henderson:  This  jounul.  1910,  xiv,  pp.  309-401. 
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It  the  animali  which  breathed  excessively  before 
3se  which  most  readily  ceased  to  breathe  afta 

mental  exdtement  they  perfonned  forced  breath 

themselves  acapnia.  When  anaesthesia  was  in 
excitement  from  the  cerebrum  to  the  respiratory 

and  they  sank  into  apncea  vera.  In  most  cases 
Tpnoea  and  d^ree  of  acapnia  were  probably  iosuf- 
incea  of  fatal  duration,  except  for  the  cooperatioi 
!ollingwood  and  Buswell '  have  shown  that  chloro 
ihold  of  the  respiratory  centre  for  COi.  In  oth« 
e  ordinary  quantity  of  COi  in  the  blood  is  needet 
lor>'  cmtre  active  during  deep  chloroform  anas 
aneous  breathing  could  not  recommenix  until  th< 
the  animftk  had  accumulated  even  more  than  the 
^  they  had  previously  lost.    The  rise  of  the  thrak- 

acapmia  together  detemnne  the  dura^on  of  apmea. 
uuesthetists  were  careless  and  poured  the  chloro- 
izing  masks  in  such  quantity  as  to  produce  imme- 
^uradon  and  heart.  But  in  the  majority  of  the 
observation,  even  with  urqxacticed  student  anzs- 
ent  an  anesthetic  as  chlontfmm  upon  so  suscepti- 
e  cat,  the  death  of  the  animal  was  not  propedy 


ese  cases  were  due  to  the  fact  that  pharmacxilf^y  * 
le  conditions  of  anaesthesia  the  capnial  (t.  e..  COi) 
regulation.  —  as  de^"el(^)ed  by  Traube,  Bliescher, 
;ricq.  and  espedally  by  Hakiane  and  his  collabo- 
lat  the  same  explanation  will  a[^ly  to  the  majoritj- 
der  ans^^thesia  in  irtgn.  Skill  in  administerini 
nainly  in  avi>iding  acapnia  by  keeping  the  thresh- 
:>■  centre  for  COi  at  a  uniform  ievd.  The  ideal 
low  it  to  \"ar^-  from  the  normal.  The  unpracticed 
ist  among  our  students  when  learning  to  operate 
oinisters  the  \-apor  of  ether  or  chloroform  irregu- 
tf  subject  under  slowly  and  with  heataticHi.     He 

BvsniLi,:  Pnxci^tin^ uE  the Pfiysiolopcxl Society,  Jom 
xvw.  p,  _i4.  a:iii  mvi.  p.  14. 
R.  Mvo.NVs:  Ergtbniswiiet  Phi^^' — '" :  .  _   — 
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thus  prolongs  the  stage  of  excitement  in  which  the  threshold  is  sub- 
normal and  respiration  excessive.  Later  he  supplies  at  times  so  little 
anxsthetic  that  the  subject  again  develops  hyperpncea,  and  the  degree 
of  acapnia  is  thus  intensified.  If  he  then  "crowds  on  the  anaesthetic," 
apncea  inevitably  results.  Even  if,  heedful  of  warning,  he  admin- 
isters no  more  than  is  necessary  for  light  anaesthesia,  the  respiration 
may  fail.  A  subject,  which  has  breathed  regularly  under  deep  anasthesia 
at  the  beginning  of  an  operation  will  cease  breathing  under  light  amxs- 
thesia  after  it  has  become  acapnic.  Apncea  follows  a  sudden  elevation 
of  the  threshold  of  the  respiratory  centre  by  increase  of  anxsthesia. 
The  new  level  need  not  be  above  normal,  —  it  may  even  be  much 
below  that  of  ordinary  life,  —  yet  if  the  CO*  content  of  the  body 
has  previously  been  reduced  far  below  this  level,  apncea  of  fatal 
duration  may  occur. 

The  liability  to  acapnia  is  much  greater  when  anssthesia  is  induced 
with  ether  than  when  it  is  initiated  with  chloroform.  This  b  especially 
true  of  dogs.  Ether  is  generally  regarded  as  a  safer  anassthetic  than 
chloroform.  In  reality  the  difference  between  their  risks  lies  mainly 
in  this:  The  results  of  unskillfulness  with  chloroform  are  immediate 
and  are  therefore  eaaly  recognized.  The  [>enalties  for  careless  ether- 
ization OD  the  contrary  are  deferred,  and  thus  fjul  of  recognition.  If 
one  intends  to  kill  a  dog,  it  is  easy  to  do  so  with  chloroform.  For  a 
careful  anaesthetist,  however,  there  is  little  risk  in  initiating  anaes- 
thesia with  chloroform.  The  dangers  are  obvious;  the  period  of  ex- 
citement is  brief.  With  ether  administered  by  an  "open  cone"  or 
"drop"  method,  we  have  found  it  practically  impossible  to  induce 
failure  of  respiration  in  d<^s  which  were  not  acapnic.  Ether  is  a 
weaker  amesthetic  for  dogs  than  for  the  majority  of  human  subjects, 
—  unless  they  be  habitual  alcohoUcs.  Nevertheless,  to  begin  with  ether 
{in  dogs  without  morphin)  is  to  invite  ultimate  disaster.  The  period  of 
excitement  is  prolonged;  a  considerable  degree  of  acapnia  develops; 
and  even  after  anaesthesia  is  attained  the  respiration  continues  to  be 
excessive.  Then  suddenly  the  animal  ceases  to  breathe,  and,  unless 
restorative  measures  are  immediate  and  persistent,  death  results. 
Before  we  had  recognized  its  causal  relations,  this  series  of  events  was 
the  commonest  accident  in  this  laboratory.  We  know  of  another 
laboratory  (outside  New  Haven)  in  which  five  mishaps  of  this  sort 
occurred  recently  at  the  hands  of  an  experienced  investigator  within 
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the  short  period  of  two  weeks.    The  following  cases  afford  illustratioii 
of  such  fatalities  in  our  hands: — 

A  strong  young  Irish  terrier  of  about  twelve  kilos  weight  had  been  give 
to  us  (Nov.  15,  1905),  because  it  had  developed  an  irritable  temper.  Tl: 
experiment  which  we  had  planned  needed  as  neariy  normal  respiration  : 
possible.  We  supposed  (erroneously)  that  this  object  would  be  best  a 
tained  without  morphin.  We  attempted  to  bring  the  animal  under  ethe 
It  fought,  breathed  excessively,  and  then  ceased  breathing.  After  the  re 
piration  was  restored  it  again  breathed  excessively.  Finally,  just  after  tl 
animal  had  become  quiet  enough  to  place  on  the  table,  we  found  that 
had  again  stopped  breathing,  although  only  a  minute  before  it  was  so  light! 
anaesthetized  that  its  eyes  winked.  Traction  on  the  tongue,  sensory  stimi 
lation,  and  artificial  respiration  by  compression  of  the  throax  failed  to  ii 
duce  a  return  of  breathing.    A  few  minutes  later  the  heart  failed. 

A  medium  sized  Aa^  (9.0  kilos)  received  subcutaneously  half  a  gra 
(0.003  gi°-  per  kilo)  of  morphin  sulphate.  Fifteen  minutes  later  it  wi 
etherized  without  more  than  ordinary  resistance.  On  the  table  it  develop* 
a  rapid  respiration,  breathing  thirty-five  to  forty  times  a  minute  for  i 
hour  and  a  quarter.  Then  it  stopped  quite  suddenly  and  forever,  — : 
spite  of  all  the  ordinary  restorative  measures. 

It  often  happens  that  a  dog  which  has  passed  through  prolongt 
ether-excitement  becomes  practically  uncontrollable  and  inoperabl 
At  one  moment  it  is  nearly  out  of  anesthesia.  At  the  next  it  ceasi 
to  breathe  after  a  few  inspirations  of  weak  ether  vapor.  After  eai 
period  of  apncea  the  tendency  to  hyperpncea  becomes  intensified,  ar 
vice  versa.  This  increasingly  unbalanced  condition  of  the  respiratoi 
centre  may  be  due  in  part  to  an  accumulation  of  the  products  1 
asphyxia!  acidosis  (e.  g.,  acetone) '  in  the  blood  during  the  periods  < 
apnoea,  and  the  rapid  oxidation  of  these  substances  during  hyperpnoe 
The  alternations  of  depression  and  excitement  are  less  regular  bi 
more  intense  than  those  occurring  in  Cheyne-Stokes  breathin 
Pembrey  •  has  shown  that  periodic  respiration  is  relieved  by  admini 
tration  of  oxygen  or  by  COi  in  proper  dilution,  and  even  better  \ 

'  On  the  occurrence  of  acetone  in  the  urine  after  anaesthesia  see  Balu^^tm,  K 
Journal  of  biological  chemistry,  1906,  i,  p. 239. 

*  Peubrev,  M.  S.:  Journal  of  pathology  and  bacteriology,  1908,  xii,  p.  a, 
(bibliography).  See  also  FnxHNE  and  Kion'ka:  Archiv  fiir  die  gesanunte  Ph;-! 
ologie,  i80,  Ixii,  p.  333, 
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oxygen  containing  a  small  percentage  of  COj.  During  recovery  from 
prolonged  etherization  human  subjects  often  breathe  subnormally  and 
become  cyanotic.  This  behavior  is  probably  due  to  acapnia,  and 
tends  to  induce  aooxhsmia  and  asphydal  acidosis.  Hence  the  benefits 
of  oxygen.  In  preceding  papers  of  this  series '  dealing  with  dogs 
under  similar  conditions,  it  was  demonstrated  that  small  amoimts  of 
CO]  restore  a  normal  amplitude  of  breathing.  Thus  anoxhsemia  was 
obviated. 

Tkus,  although  eiher  and  cfUoroform  have  (in  dogs)  almost  diametrically 
opposite-  effects  upon  the  respiratory  centre,  yet  both  may  induce  fatal 
apncea  vera,  —  one  indirectly,  the  other  directly.  For  an  acapnic  subject 
ether  might  be  described  as  a  "powerful  respiratory  depressant," 
although  it  probably  never  (in  dogs)  elevates  the  tlireshold  for  CO' 
above  the  normal.  Light  or  moderate  etherizarion  induces  excesdve 
breathing;  a  subsequent  profound  etherization  involves  a  compensa- 
tory subnormal  breathing.  The  capnicity  of  the  subject  at  the 
time  determines  whether  a  certain  degree  of  etherization  shall  act  as 
a  stimulant  or  as  a  depressant.  We  have  observed  the  occurrence 
both  in  men  and  in  dogs  of  marked  individual  variations  in  suscepti- 
bility to  ether-exdtement.  Different  qualities  of  ether,  and  even 
the  best  grades,  ^^)ear  to  vary  in  producing  hyperpnoea. 

For  laboratory  purposes  the  dangers  of  acapnia  are  obviated  in  dogs  by 
the  following  procedures:  Morphin  sulphate  in  the  dosage  of  0.010  to 
0.015  E™-  P^'  ^°  body  weight  is  given  subcutaneously.  Half  or  three 
quarters  of  an  hour  later  anssthesia  is  rapidly  induced  with  cUorofomi. 
Thereafter  ether  alone  is  used,  except  when  the  respiration  and  pulse  begin 
to  accelerate.  A  small  amount  of  chloroform,  if  given  promptly  when,  this 
tendency  develops,  controls  it  without  much  danger  of  prolonged  apnoca. 
The  reason  for  the  delay  after  morphinization  lies  in  the  probable  fact  (as 
it  appears  to  us,  although  we  have  no  quantitative  observations  upon  it) 
that  at  first,  during  the  stage  of  nausea,  respiration  is  augmented  by  mor- 
phin. The  advantages  of  beginning  with  chlorofonn  are  similar  to  those 
for  which  nitrous  oxide  is  employed  in  initiating  anesthesia  clinically. 

The  danger  involved  in  administering  chloroform  to  an  acapnic 
subject  may  be  illustrated  by  the  following  case:    A  child  had  swal- 
lowed an  open  "safety"  pin.    During  the  passage  of  the  pin  through 
'  This  journal,  iQio,  xxv,  pp.  314,  318,  388,  and  393. 


Digitized  byGoOgIC 


rvin  McRae  Scarbroitgh. 

able  suffering.  Finally,  durin 
The  efforts  of  a  surgeon  I 
d  the  child  much  pain  accon 
IS  administered,  and  the  ani 
;r  procedure,  the  patient  dre 
1  ceased,  and  it  was  only  aiti 
lat  spontaneous  breathing  w: 
s  of  the  case,  is  a  careful  ma 
h-e  been  a  fatal  accident.  \V 
iny  one.  no  matter  how  carefu 
aethods  to  a  subject  renden 
1  hour  of  pain,  without  gre: 


te  of  sudden  death  under  sui^c 
ina  ithesirens  war  dieses  Ereigni 
man  dergleidien  Ereignisse  unti 
m  zuzuschreiben.  .  .  .  ?ilan  thi 
eres  Unretit.  wenn  man  ihni  al 
'tarkoise  dch  eretgnen.  Sie  wiss* 
1  Fallen  unter  Er^chetnungen  d< 
Herz  schldiil  noch  eine  Ze'A  laD 
de  cer  Her::lihir.ung  —  das  Hei 
[>x-h  ei=e  /eSt  lang  writer  —  eii 
e  \Vlrk-.ir;E«i  aussem  kdonte.  wi 
:ssi  P:i<i  -^frden  '-ifderiXl  m 
■-:■%  :.;>iyr  -zk  jV»  r«i  ktrhci 
.  .  >;e  wercs=  acs  dem,  was  it 
:'r«f.  ;;;;h;  errr.^s;*!;  L."2nen.  w 


LVT    5V    ClXTRE- 

L-i::r\-  o?z;rt  :or  ace 


Digitized  byGoOgIC 


Acapnia  and  Shock.  267 

a  symbol  for  an  unknown  mechanism.  The  distinction  may  be  illus- 
trated by  the  action  of  morphin,  chlorofonn,  and  ether.  A  dog  which 
has  received  0.03  gm.  of  morphin  sulphate  per  kilo  body  weight  be- 
comes comatose.  Its  breathing  is  diminished  until  the  heart  beats 
only  about  60  times  a  minute  or  even  less.  This  pulse  rate  indicates 
a  C0»  content  in  the  arterial  blood  of  50  volumes  per  cent  or  more  — 
i.  e.,  one  fourth  or  more  above  normal.  This  hypercapnia  is  an  index 
of  a  corresponding  rise  in  the  threshold  of  the  respiratory  centre  for 
COi.  Loewy  *  has  demonstrated  such  a  rise  in  man  under  morphin. 
The  afferent  threshold  of  the  centre  is  also  raised,  but  relatively  much 
less  than  the  CO,  threshold.  If  the  animal  is  disturbed  not  only  does 
its  breathing  alter,  but  it  may  even  crawl  away  from  the  irritation, 
although  the  stimulus  is  of  less  than  painful  intensity.  Similarly,  a 
man  who  has  taken  an  overdose  of  morphin  may  die  of  respiratory 
inactMty  if  left  to  himself,  because  of  the  rise  of  the  threshold  for 
CO.  But  if  the  narcosis  is  not  too  deep  he  may  be  kept  breathing 
by  afferent  irritation. 

On  the  other  hand,  chloroform  raises  the  afferent  threshold  of  the 
•  respiratory  centre  more  readily  and  to  a  relatively  greater  extent  than 
it  does  the  threshold  for  COi.  A  dog  in  light  or  moderate  chlorofonn 
anaesthesia  responds  to  no  irritation  of  less  than  painful  intensity. 
Brief  but  otherwise  painful  surgical  operations  upon  human  subjects 
are  constantiy  performed  painlessly  and  without  increased  breathing 
under  very  light  anaesthesia.  As  will  be  seen  from  the  blood  gas 
analyses  tabulated  in  the  fifth  section  (p.  274),  animals  under  such 
anssthe^a  often  have  no  more  than  the  normal  content  of  COi  in 
the  arterial  blood.  In  other  words,  the  threshold  of  the  centre  for  CO, 
is  altered  verj-  slightly  while  the  afferent  threshold  is  greatly  elevated. 
Ether  is  often  loosely  described  as  a  "respiratory-  stimulant."  This 
expression,  when  translated  into  the  temiinologj-  here  employed,  sig- 
nifies that  ,in  a  subject  under  ether  the  threshold  for  CO,  maj-  be 
below  normal.  At  the  same  time  the  afferent  threshold  may  be  ele- 
vated sufficiently  for  surgical  operation.  As  was  shown  in  the  two 
preceding  papers  of  this  series,  the  respiratorj-  centre  of  a  dog  under 
ether  without  morphin  usually  maintains  a  more  or  less  excessive 
pulmonarj'  ventilation.    Yet  in  this  condition  of  the  animal  the  breath- 

'  Loewy,  A.;  Archiv  tiir  die  gesammte  Physiologic,  iSpo,  jd%-ii,  p.  601. 
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ing  is  not  affected  by  afferent  irritations  of  such  strength  as  are  pro- 
duced by  a  cut  through  the  skin.  The  COj  threshold  is  sub-normal, 
and  the  afferent  threshold  super-normal. 

Broadly  stated,  those  drugs  which,  if  adminislered  before  pain,  tend  to 
preoerU  the  developmerU  oj  acapnia  and  shock,  will  increase  the  tendency 
to  failure  of  respiration,  if  given  after  acapnia  has  developed.  The  influ- 
ence of  ether  in  moderate  amounts  upon  acapnic  subjects  sometime! 
affords  apparent,  but  only  temporary,  exceptions  to  this  statement 
The  difference  between  an  ana-sthetic  which  is  a  "respiratory  depres- 
sant "  and  one  which  is  a  "respiratory  stimulant"  may  be  illustratec 
as  follows:  When  an  acapnic  subject  is  chloroformed,  apocea  maj 
develop  before  the  corneal  reflex  is  abolished.  The  behavior  of  tbi 
respiratory  centre  may  fitly  be  compared  to  that  of  a  debtor  upoi 
whom  a  mortgage  is  foreclosed.  On  the  contrary,  when  such  a  sub 
ject  is  etherized,  the  breathing  may  continue  and  may  even  becomi 
hyperpnceic.  The  behavior  of  the  centre  in  this  case  resembles  tha 
of  a  man  who  is  insolvent,  but  who  escapes  immediate  bankruptcy 
by  borrowing  the  money  with  which  to  pay  interest  on  his  debt 
Apnoea  is  temporarily  avoided  at  the  expense  of  an  increase  in  tin 
intensity  of  acapnia.  Sooner  or  later  every  molecule  of  COi  lost  fron 
the  body's  reserve  store  must  be  replaced  if  the  subject  is  to  return  t< 
normal  life. 

Among  the  signs  watched  by  anesthetists  are  the  size  and  responsvenes 
of  the  pupils  of  the  eyes.  Acapnia  induces  in  dog^  an  extreme  dilatation 
Conversely,  Guthrie,  Guthrie,  and  Ryan  find  that  in  all  animals  the  fii^i 
stage  of  asphyxia  causes  a  marked  constriction.  It  is  probable,  therefore 
that  the  influences  of  morphin,  ether,  and  chloroform  upon  the  pupil,  a: 
upon  the  heart-rate,  are  mainly  secondary  to  alterations  in  the  bloot 
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resultant  of  two  (or  more)  factors,  —  the  level  of  the  threshold  and  the 
quantity  of  CO,  in  the  body.  The  former  is  determined  chiefly  by 
the  degree  of  anasthesia  at  the  time.  The  latter  depends  upon  the 
balance  between  CO2  production  and  elimination  during  the  period, 
or  periods,  preceding. 


I  Ji  M  JS 

Figures  1,2,  3,  and  4.  —The  jar  here  represented  is  assumed  to  have  a  capacity  oC 
XlffM  c.c.  when  filled  to  the  level  of  40  on  the  scale  at  the  left.  Under  all  the  con- 
ditions here  conudered  a  stream  erf  water  of  300  c.c.  per  minute  runs  in  from  the 
stopcoci;.  These  quantities  represent  the  production  of  CO,  in  the  body  at  rest  and 
the  store  normally  held  by  the  blood  and  tissues.  The  rubber  tube  at  the  ^de  of 
the  jar  afiorda  an  outlet  of  such  size  that,  when  the  free  end  is  held  far  below  the 
level  of  the  water  in  the  jar,  one  half  its  contents  would  run  oft  in  ten  or  fifteen  min- 
utes. This  excesave  drainage,  occurring  when  the  threshold  at  the  open  end  of  the 
tube  is  lowered,  represents  hyperpncea.  When  the  threshold  of  the  tube  is  lifted  above 
the  level  of  the  contents  of  the  jar  and  the  outflow  ceases  until  water  accumulates  up 
to  the  higher  threshold,  an  analogy  for  apnoea  is  afforded.  Fig.  1  represents  normal 
quiet  breathing.  The  end  of  the  tube  and  the  contents  of  the  jar  are  both  at  the  nor- 
mal lei-el,  and  inflow  and  outHow  (/,  r,,  CO,  production  and  elimination)  are  equal. 
In  Fig.  2  a  period  of  hyperpncca  (represented  by  the  tube  in  the  position  of  the 
broken  lines)  has  dinuni^ed  the  contents  of  the  jar.  and  the  threshold  has  then 
suddenly  been  elevated  even  above  the  normal  level.  The  consequent  prolonged 
cessation  of  outflow  corresponds  to  the  failure  of  respiration  under  chloroform.  In 
Fig.  3  both  the  threshold  and  the  contents  of  the  jar  are  supernormal.  The  outflow 
through  the  tube  represents  the  spontaneous  breathing  of  a  subject  in  profoimd 
morphin  chloroform  anzslhesia.  In  Fig.  4  the  threshold  is  at  a  norma]  \eve\,  but 
outflow  does  not  occur  because  the  contents  of  the  jar  have  previously  been  dimin- 
ished. This  represents  the  apngsa  in  a  normal  man  after  (orced  breathing.  It  shows 
also  the  failure  of  respiration  in  an  acapnic  subject  when  full  ether  aiuesthesia  is 
induced.  Much  the  same  conditions  occur  during  the  return  to  consciousness  after 
prolonged  aniesthesia  under  ether  nithout  morphin. 

The  relations  of  t'aese  factors  are  expressed  graphically  in  Figs,  i 
to  4-  Here  a  glass  jar  represents  the  living  body.  The  production  of 
300  c.c.  of  COi  per  minute  in  a  man  at  rest  is  typified  by  a  stream  of 
water  of  this  volume  and  rate  continually  flowing  into  the  jar.  The 
storage  capacity  of  the  human  body  for  CO3  is  not  exactly  known,  but 
in  the  figures  it  is  assumed  that,  if  no  outflow  at  all  occurred,  the  stream 
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conditions,  the  degree  of  activity  or  inactivity  of  respiration  at  any 
time  is  the  resultant  of  five  sets  of  factors: 

(i)  The  threshold  of  the  centre  for  CO,.  — This  threshold  is  ele- 
vated by  morphin,  by  chloroform,  and  probably  in  man  by  deep  ether 
aossthesia.  In  dogs  deep  etherization  (without  morphin)  merely  re- 
stores a  nearly  nonnal  level.  The  threshold  is  lowered  in  dogs,  and 
probably  in  alcoholic  and  other  excitable  human  subjects,  by  light 
etherization.  The  acidosis  substances  resulting  from  anozhsemia  have 
a  similar  towering  effect.    Fear  also  appears  to  depress  this  threshold. 

(2)  The  CO2  content  of  the  blood.  —  This  quantity  depends  upon 
the  relative  rates  of  production  and  elimination  of  COi  during  the 
period  preceding,  and  upon  the  retaining  capacity  (i.  e.,  protein- 
alkali-acid  equilibrium)  of  the  tissues  and  fluids  of  the  body. 

The  tension  of  COi  in  the  blood  to  the  respiratory  centre  rather  than  the 
quantity  is  usually  supposed  to  be  the  regulatory  influence.  Doubtless  this 
view  is  correct,  but  we  are  unwilling  to  exceed  our  own  data.  Our  blood 
gas  analyses  show  only  the  quantity.  —  not  the  tension.  It  is  often  assumed 
—  but  in  our  opinion  without  sufficient  evidence  —  that  a  condition  of 
acidosis  greatly  diminishes  the  capacity  of  the  blood  to  hold  CO].  Thus 
it  is  supposed  by  some  writers  that  in  acidosis  the  quantity  of  COi  would 
be  lessened,  while  the  tension  might  be  nornial.  We  do  not  believe  "  that 
(at  least  in  resp)ect  to  respiration)  "acidosis"  is  "add  intoxication."  In 
our  opinion  the  acidosis  substances  influence  the  centre  in  the  same 
manner  as  does  ether.  Beddard,  Pembrey,  and  Spriggs "  have  shown 
that  in  diabetic  coma  with  acute  acidosis  and  intense  acapnia  the  blood  is 
capable  of  holding  large  quantities .  of  CO,.  No  one  has  yet  reported 
simultaneous  determinations  of  COi  quantity  and  COt  tension  in  such 
hlood.  In  diabetic  coma  both  the  tension  of  CO,  in  the  alveolar  air  of  the 
lungs  and  the  quantity  (volimies  per  cent)  of  COi  in  the  blood  are  greatly 
diminished. 

(3)  The  threshold  of  the  centre  for  afferent  nervous  influences.  — 
This  threshold  is  raised  by  acapnia,  by  morphin,  by  chloroform,  and 
by  ether  in  all  quantities.    It  is  lowered  by  fear. 

(4)  The  intensity  and  volume  of  the  stream  of  painful  nervous 

"  Cf.  Hendebson,  Y.:  Proceedings  of  American  Physiologica]  Society.  This 
journal,  1910,  zxv,  p.  xii. 

"  Beddard,  Peubrey,  and  Spsiggs:  Proceedings  of  the  Physiological  Society, 
Journal  of  physiology,  1909.  xxxi,  p.  44  (also  Lancet,  May  16,  1903). 
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Sberrington's  ana]>'sis  of  the  spinal  reflexes  that  a  chemical  influence  upon 
respiraiiim  ij  nol  effected  by  an  alUration  in  the  metaMism  of  nerte  cell  bodies 
(perikarya),  but  ii  due  to  a  change  in  permeability  to  excitation  in  the  {theoreti- 
cal) dendritic  membrane  of  the  synapse.  The  function  of  perikar>-a  is  merely 
nutritive.  Thus  lack  of  oxygen  paralyzes  neurones  by  staning  their  cell 
bodies,  while  on  the  contrary  the  acidosis  substances  resulting  from  partial 
asphyxia  of  other  tissaes  arc  stimulants  at  synapses.  We  are  doubtful  of  the 
idea  that  a  formation  of  lactic  add  in  the  respirator)-  centre  itself,  as  sug- 
gested by  Douglas  and  Haldaoe,'^  is  the  explanation  of  hyperpncea  from 
deficiency  of  oxygen. 

V.  Vacations  k  the  Threshold  for  CO,  in  AxiSTHESU. 

In  Table  I  are  collected  the  results  of  analyses  of  the  gases  of  the 
arterial  blood  of  forty-five  dogs  under  various  forms  and  degrees  of 
anxstbesia.  From  each  of  these  animals  many  samples  of  blood  were 
taken  for  anal^-sis  in  the  various  lines  of  experimentation  which  have 
been,  and  are  to  be,  described  in  this  series  of  papers.  We  have  re- 
produced here,  however,  only  those  data  which  were  obtained  before 
the  animal  had  been  subjected  to  artificial  respiration,  pain-hj'per- 
pncea,  acidosis,  exposure  of  \'iscera,  or  other  condition  which  would 
alter  the  threshold  or  quantity  of  COi.  The  alterations  from  the 
□onnal  here  shown  were  almost  wholly  due  to  the  conditions  of  anaes- 
theda.  All  of  the  subjects  were  breathing  spontaneously  at  the  time 
the  samples  of  blood  were  drawn.  The  figures  for  the  CO,  content  of 
the  blood  afford  therefore  an  approximate  expression  of  the  level  of  the 
threshold'of  the  respiratory  centre  at  these  times. 

In  the  normal  life  of  dogs  the  centre  probably  regulates  the  pul- 
monary ventilation  so  as  to  maintain  about  40  volumes  per  cent  of 
dissociable  CO,  in  the  arterial  blood.  At  the  top  of  the  third  column 
of  the  table  we  find  63  volumes  per  cent  under  deep  chloroform-mor- 
phin  anxsthesia,  and  at  the  bottom  only  23  volumes  per  cent  under 
ether,  i.  e..  in  ether-exdtement,  without  morphin.  It  would  certainly 
not  be  difficult  to  obtain  figures  both  higher  and  lower  than  the  ex- 
tremes here  shown,  but  even  in  the  table  as  it  stands  a  variation  in 
the  le\-el  of  the  threshold  from  a  half  above,  down  to  a  half  below 
normal  is  demonstrated.    Near  the  middle  of  the  table  a  large  number 

"  DoccLAS  and  Halda>'e:  Journal  of  ph>-sic4ogy.  1909,  iii\'iii,  pp.  406  ai>d 
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TABLE  I. 

t  THE   RESPIBATOBV    CeNTIE    pi 


Number 
of 
eip. 

Artmal  blood-gases, 
volumes  per  cent.          Morpn. 
siilDh..Ems 

CUoro- 

EthfT. 

Pulse, 
permin. 

Respir- 
ation 

0. 

CO.       P"^""- 

1 

permin. 

24 

18.5 

40.6                        j        ..II 

25 

24.0 

40.3       1                  '         I      1         I 

26 

16.0 

40.1       1      .010       1 

il 

27 

20.2 

39.9       1        ..        1 

II 

■■ 

28 

23.3 

39.6       t        ■•        '        - 

n 

29 

14.3 

39.6       i      .010 

II 

30 

24.6 

37.,       !        ..        i        .. 

31 

15,9 

37.4       1        ..        1        .. 

32 

22.7 

37.3             .006       ! 

115 

33 

16.3 

37.2       j      .001       1 

-■ 

34 

.4.0 

36.9       ;      .006      , 

35 

20.7 

36.5        '       .010 

36 

20.3 

36.4 

,010 

37 

18.4 

36.4 

38 

17.0 

36.1 

ISO 

39 

15.3 

35.1 

40 

19.9 

33.7 

41 

18.4 

33.6 

42 

24.1 

32.7 

43 

22.1 

31,2 

44 

19.9 

26.7 

45 

20.8             23.1 

205 

40 

I,  signifies  light  onxsthesia,  II.  moderate,  and  III 

deep. 
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of  the  aoal\-aes  show  a  COi  content  whidi  b  practkaDy  nonnaL  As 
aU  of  the  «riimak  were  id  a  condition  of  adequate  surgical  amestheaa. 
these  cases  demoostrate  that  it  b  quite  possible  to  avod  both  acapnia 
and  h>pCTcapnia.  and  the  dangers  which  tbe>-  in^-oh-e. 

It  is  veT\'  easy  in  a  dog  under  anxstheaa  without  morf^iin  to  raise 
the  threshold  abo^-c  the  normal  and  then  to  lower  it  far  bdow.     In 
T.VBLE  n. 
ExTEUXENT  or  M_iBCB  15.  VXT.     Sex  Fic  3. 


rim. 

Annol 

S*«9. 

Respira-    H<»rt- 

cocspet   mrpa 

Sows. 

Oi 

CO, 

J.  10 

I5« 

41  7 

21               W 

IJ) 

CtJorofonn  ancstlKsa- 

il5 

H-5 

51.1 

U               -'O 

100 

iJO 

iP.'i 

.U< 

■15             liO 

'*> 

Ei:ieT  aazsdwsa. 

some  di.'ir?  thi<  \-ariation  can  be  isiiuced  se\-enil  times  within  a  half 
hour.  Even  a  few  repeiliiocs  alwuv^s  re<;:It  in  fatal  apntxa.  In  Fig.  5 
are  repnxiiio^i  the  presiiire-puLse  and  rejfiradon  cur\-es  obtained 
irotn  a  di.*ir  in  which  the  ihreshc;'-  was  ihii;  e!e%-ated  and  depressed. 
In  Table  II  are  shown  the  isix  cbtiir-ib-e  from  the  curves  and  the 
arterial  bkyxi  jroses  at  the  corre<pi.'r..ii=s  lirres.  -\t  dr^t  the  animal 
WAS  under  aJeqiLite  bul  Cv'-t  pr.iVimd  chlcrofotm  acjcsthesia.  which 
tii  been  induv^evi  wi:hoi:t  esciiemeEt.  The  respiration,  pulse,  arterial 
pressure,  ar.d  arteriil  CO;  cocrect  were  a^  approximately  normal. 
Durins  the  sext  d%-e  xrinutes  the  i;-.;a=u:y  ct  chloroform  was  iDcreased 
until  the  rate  oi  resj'iraticn  and  pulse  *ere  slower  by  a  third,  arterial 
pressiire  «~a>  'icvvered.  ar.d  the  CO;  ccctsfct  cf  the  tlood  was  increased 
by  a  ijuarter.  Thea  the  aiir.:r.L^:rj;xc  cf  chloroform  was  stopped. 
.\fter  on  interval  o;  dve  rirv-tes.  luht  sther  injrsthesia  was  b^un. 
Ten  ciir.^tes  later  the  :r:ri  set  of  cirservaticcs  were  token.  In  the 
cur\-es  ar.d  cable  are  shows  a  great  a.-.-e;erad._-n  of  resptiation  and 
p;i:<e.  elev-aiior.  of  artcHal  press-te.  ar-.c  iir-i=.ii:oc  of  the  CO,  contest 
ot  the  h'AXV..  —  IT.  :a^t.  a"  the  tvptcal  s\— .pt -t=s  of  ether-excitement. 
The  e>'.-s  were  oivr.,  arc  t'-.e  t-^vi'^  »;..:.;y  coated.  The  *i»iinial  ms 
er.tir\';y  'anwi'.^ lous,  ^;u;os<.vrt  cv.^.-'.-;  :•  r  the  r^^j^ir^itorj-  iiK>\'diMX>t5. 
a:'.d  su'Hcicr.t^y  a".e-ithct'.jiv;  to  he  irTr>ix-nsi\-e  t.i  all  but  the  most 
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Evidently  a  subject  which  had  been  kept  for  any  considerable 
period  in  the  condition  of  this  dog  at  3.30  would  develop  acapnia. 
Thereafter,  it  would  be  liable  to  pass  into  i^ncea  at  any  time  that 
deeper  ether  anssthe^  was  induced.  Respiratory  stand-still  would  be 
certain  to  result  from  chloroform  anssthesia  no  deeper  than  that  which 
was  bome  with  imptmity  at  3.10.    Death  would  probably  follow  the 


FiCtiM  5.  —  The  original  aie.  Eipenment  ol  March  15,  1907.  Dog  of  8.0  kilos. 
No  moqtbin.  Pressure  pulse  recorded  by  a  Hiirthle  manometer  comiected  with 
the  carotid.  Time  in  seconds.  Requration  recorded  by  a  ipitDmeter  afiording  a 
quantitative  record  of  the  relative  ami^itude  of  breathing  in  the  three  periods 
of  observation.  Samples  of  blood  for  analysis  were  drawn  from  the  femoral 
arteiy,  and  thor  gases  arc  rqwrted  in  Table  II.  The  animal  bad  been  anes- 
thetized quieUy  with  chloroform.  At  the  time  of  the  fint  record,  at  the  left,  it 
was  under  fuU  surgical  auesthesU.  Five  minutes  later,  when  the  second  record 
was  taken,  il  was  much  more  deeply  chloroformed.  Tbe  third  record,  taken  fifteen 
minutes  later,  shows  the  conditions  occurring  after  ether  had  been  substituted  for 
chloroform.  Tbe  degree  of  anxsthe^,  as  judged  by  the  corneal  reflex  and  tbe  irre- 
sponsiveness  of  respiration  to  sensory  stimulation,  was  nearly  the  same  in  the  third 
period  as  in  the  first-  With  equal  elevations  of  tbe  afferent  threshold  the  COi 
threshold  was  at  first  normal  and  later  subnormal. 

administration  of  much  less  chloroform  than  was  given  at  3.15.  If 
instead  of  being  more  deeply  anaesthetized  the  acapnic  subject  were 
allowed  to  come  out  of  anaesthesia,  it  would  necessarily  pass  through 
a  period  of  subnormal  breathing  and  cyanosis. 

Further  experimental  evidence  in  supoort  of  these  inferences  is 
contained  in  Sections  VI  and  VII. 

VI.  Chloroform  Apncea. 

Four  dogs  received  0.01  gm.  morphin  per  kilo  body  weight.    Half 
an  hour  later  deep  chloroform  anxsthesia  was  induced  as  quickly  as 
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po&iiblc.  There  was  no  byperpnoea.  All  four  of  the  !^nim^|g  stc^iped 
breathing,  because  of  the  sudden  elevation  of  the  threshold.  N'o  aiti- 
ticial  n^piration  or  stimulation  was  given.  We  merely  kept  a  fingti 
u)>on  the  pulse,  in  order  that  aid  might  be  afforded  if  the  heart  failed. 
This  precaution,  however,  proved  unnecessary,  as  care  had  been  used 
not  tu  administer  the  chloroform  vapor  in  dangerous  coDcentraticn. 
In  all  four  cases  spontaneous  breathing  returned  after  intervals  ^-ary- 
ing  from  one  and  B%'e  tenths  to  four  and  five  tenths  minutes.  Tbe 
irttirn  of  respiration,  induced  by  the  accumulation  of  CO,  up  to  tbe 
sttivmormal  threshold,  was  as  gentle  as  that  obser\-able  in  a  nomul 
man  after  apniva  \'era  induced  by  voluntary  forced  breathing.  Faul 
chlorv*lV>nn  aprnva  would  ha\-e  resulted  from  a  rise  of  the  tlireshdd 
rn\iuirtnj;  morv  than  sevtn  minutes"  accumulation  of  CO.  and  addos: 
suK-itaiKies  to  surmount. 

rht.-~*-  d«.ijr>  wvre  later  arranged  for  graphic  records  of  i«^>iratioD 
a»\l  arliTial  pressure.  Two  oi  them  were  subjected  for  twenty  minute^ 
to  fx^.x-ssive  artidciil  n^spiralioQ  with  the  double  pump  described  in 
the  t>.'urlh  ^\it>er  ot  this  series.-*  With  the  Li^t  few  strt^es  <^  liie 
pu'.c.p  sL'.'l-oiv'ut  cK!orv>fi.'r'.;i  vdLvr  was  ailirnnistered  to  produce  deep. 
b,;t  not  OM-X-isivo,  aiUL'sthi.'^.  When  the  pump  was  discoonectfti 
tu'iu  the  truchk-a.  the  i.k'^  Uy  absot-j.tt;ty  q-Jescent  in  apD<ea.  but 
»ilh  !K*r:'!a'.  arterU!  ■f'resc?u'e  x^-i  h^art  action  ot  mniiminished  force 
tor  tour  >i!i:*.utcs.  'l'*'cn  ;he  rcurt  cvasec  beatfus  lor  a  few  secondi. 
biit  r\.'^U'!K\i  At  a  slowvr  ra:.;.  T^orei-t^r  the  arr^plitu-ie  oi  the  pclse 
i.li'i>:'ii.-ih^\'  _;4ra,'.'j.t!'v  ■,;■;:;'.  a:;.T  a  v.'Cj^  or  ei^ht  minutes  of  apoira. 

fV  o:':kt  mo  ^^-i;-.  i*crc  trvat.d  in  tire  —amier  described  in  the 
w'.h  {\t;vr  >.•!  I'i:-  m.--!.--,.  '  f'c  si.Mtic  :;^;^^■e  was  srimulated  elet- 
t-ii,r!>  It'l  lwvi'',\  — :■  :^-v  pi,  r--i' -''■<'-. ■"!-.-  'hf  .i:?;TT;ilsr?:iintninpri 
\ii;v'K'.;»  !St--',  >\  v^"i;'V,i.  !''^i->  -Avr-*  m.ilr'.tairre-i  1:1  ectire  ur.con- 
-.vii>i!M»c-^>  i'l  :'v  V"Av.'f  \ac'  ,'i  '.'^v  ■*-.^■r.^:  >taiK  ot  imtsthesia  by 
^vii.l:";.i!  '■•,;■.  ■f>\k-.  .L,-  .k— ■i':;>:---.-.-i  c  -i"  Jiher.  At  the  end  of  (ht 
,!i"i  '.(■■v-ii  v-ii«'.\'i  0"  vi".v'i"t  'A.i^  .i.;v;;;>;-T^:  :■!  induce  the  third 
aI  i;;i\  Imi,'^  1  ■.  i-,i\  -M.-oi'-  ■:'.:■■  .i.-LH-^j,  i/,hi;u:;h  the  iepth  oi  aiars- 
I'k  ,1,1  .».  ■■  >  :;n'  '■>*  ■'!•.■  ,^-,  "i,-.!;  -r,  \\  .1.1?.  "cs;  than  that  in  which  tber 
lt.i.l'',>i,   Kv!i..>>   .,  ■.■  <!.  ,.  :'•     'i  .  .c  ■"!».>■  ■-crrncra.     The  heart 
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rate  and  arterial  pressure  continued  nonnal  during  the  first  four 
minutes  of  apnoea.  Then  both  failed  but  recovered  temporarily,  only 
to  fail  finally  in  the  eighth  minute  of  apncea,  when  death  occurred. 

The  graphic  records  obtained  in  these  two  pairs  of  experiments 
were  similar  in  all  essential  features  to  the  curves  reproduced  in 
Fig.  6.  From  the  analytical  data  and  other  observations  of  the  two 
preceding  papers  of  this  series  it  is  quite  certain  that:  —  Before 
hyperpncea  the  arterial  blood  of  these  animals  contained  40  or 
more  volumes  per  cent  of  CO,.  After  hyperpncea,  whether  with 
the  pump  or  from  afferent  stimulation,  it  contained  only  about  half 
as  much.  If  air  containing  small  amounts  of  COi  had  been  introduced 
into  the  lungs  during  the  early  part  of  apncea,  the  animals  would 
immediately  have  recommenced  breathing.  If  a  jet  of  oxygen  had 
been  blown  into  the  bronchi,  asphyxia  would  have  been  prevented; 
and  after  a  prolonged  apncea  (twelve  minutes  or  more)  spontaneous 
breathing  would  have  returned.  Pharmacologically,  these  four  deaths 
"may  be  termed  chloroform  apnoea.  Physiologically  they  were  essen- 
•tially  fatal  apnoea  vera.  ... 

VII.  Ether-Hyperpncea. 

Four  dogs  were  etherized  without  previous  administration  of  morphin. 
After  the  necessary  operations  and  attachments  of  recording  instru- 
ments had  been  made,  the  depth  of  anaesthesia  was  diminished  until 
respiratory  excitement  developed.  The  animals  were  at  this  time,  as 
at  all  times  in  these  experiments,  entirely  unconscious,  and  motion- 
less except  for  the  \'igorous  breathing.  After  fifteen  or  twenty  minutes 
of  this  ether-hyperpnoea  deeper  anesthesia  was  induced.  Three  of 
the  animals  ceased  to  breathe  for  a  short  period,  but  recovered  spon- 
taneously. M\  four  again  became  h>'perpnocic  under  light  aniesthesia. 
Indeed,  the  period  of  apnoea  was  followed  by  a  marked  and  prolonged 
increase  in  the  excitability  of  the  respiratory  centre.  The  threshold 
for  CO,  was  thus  lowered  and  in  turn  reduced  the  CO,  content  of  the 
body,  until  profound  acapnia  resulted.  At  the  same  time  the  affer- 
ent threshold  was  so  high  that  the  animals  were  irresponsive  to,  and 
their  breathing  was  unaffected  by  any  sensory  irritation  less  intense 
than  vigorous  electrical  stimulation  of  the  sciatic  ner\'e.  Finally,  a 
slight  increase  in  the  administration  of  ether,  —  but  no  more  than 
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bad  beat  borne  witb  impumt)'  at  tbe  outset.  —  was  foUoited  by  i 
sudden  failure  of  respiratioo.  For  four  minates  tlte  heart  late  cob- 
tiDued  rapid  and  the  arterial  [xessure  hi^  Then  they  failed  for  a 
few  seconds  but  reco\-«vd  tempocarih-,  only  to  ful  finally  in  the 
ei^th  minute  of  ^locea. 

Hite  w«  find  that  tiker-kyftrpmrna  is  qviie  ms  rfechae  mi  frntm-iyfer- 
/«M  <v  txrtssk€  artxicial  mfiraM^m  as  a  mmxs  tf  imdmcimg  a  jafae- 
.fmnl  /oW  «^n««  acra.  The  dof  vhich  withstood  this  intentiaaaDy 
"unskillful"  ancstbesa  for  tbe  longest  period  afforded  the  analytical 
data  and  curves  reproduced  in  Table  m  and  Fig.  6. 
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t.>»f  of  us  KirecLly  .«.■'" r-kriTw^  khlcn.'tcrra  to  a  wonan  lor  tbe 
U:vi:t$  i.'l  A  tVioE  on  a  i=asr.  Tbe  s^'ett  baii  suJqwl  intenady  for 
:hirt\-si.i  V'cr^  i=ii  w-^  ia  a2  ■.::2icr::ia  j-j'turaon.  pofe  and  sfigbtlj 
CNirs-'t-v".  -Mtbv.-cit'i  tbw  vizx'c  wus  £->.t:ii  very  cx:aoasl>\  tfae  opeta- 
rx»a  Wis  ^jcdrctf-y  Vvyr.:.-;  ixiVrc  tis  ruise  Sfsia  to  hH  in.  rate,  tensann, 
i:id  jt:''t'I".;co.  A:  i-^i  rv«.-iri:^i.c  w-is  icc  izcvted.  Then  it  faikd 
aV>.     lVa.;!i  »i>  Var..'-.  Awide-i  by  aj^iiciil  resfiraEmo  and  massa^ 

:>U',*i  oi-o  irt  u:;i.Tv>;:"a:  t'worjticii;-    rtM.~iuse  lubocatory  expoi- 

'*,i.^  ;.>;.u'-'-'..i"^  oo"'i.\i  :bat  tbv".  ov-;'^r  H;  htiii  ihat  the  nxestiga- 
',-oi'>  o;  ','0  Bo"^i"  v\(""":>^oH  .■Lr"vn>crjr-'  'jiaz  "in  on  q«y)  cases 
^.'i..^  w  ',,v.,N\.'  ^''oiv.ci-t  ,-j'..>o*  -.X  ^--^  i.-Kxn  t,-  nm  Srtore  it  affects 
'J'o  V.ii   '     M.'tv  •\N\-"-.''.  y>.ir— ,.o.-i..-c>c>  ':a-.t;  been  fcd    especnOy 
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by  the  woik  of  Embley^  )  to  admit  **  the  correctness  of  the  numerous 
and  weU-attested  clinical  observations  upon  this  tofMc.  The  reascn 
for  the  previous  disagreement  spears  to  us  to  lie  in  the  fact  that 
experimental  pnx^ures  have  not  accurately  rq>roduced  the  ^Kniral 
conditions  under  which  such  cases  occur.  Doubtless  re^iration  always 
fails  before  the  heart  in  nonoal  subjects.  This  is  certainly  true  of 
dogs.  But  the  effects  of  chloroform  upon  subjects  whose  immediate 
past  has  included  ackness  and  suffering  are  an  altogether  different 
matter.  Such  subjects  are  as  rare  in  the  laboratory  as  they  are  common 
in  the  hospital. 

Chance  has  brought  under  our  observation  some  experimental  con- 
ditions closely  similar  to  those  through  which  the  woman  above  men- 
tioned had  passed.  Dogs  after  being  subjected  to  these  conditions 
are  affected  by  chloroform  in  the  same  manner  as  was  she.  A  very 
small  amount  of  chloroform  caused  sudden  death  in  all  of  the  fi\'e 
animak  thus  treated. .  In  two  cases  the  ciradaUon  failed  before  the 
respiration.  In  the  other  three  the  hairt  action  and  breathing  ceased 
simtiitMteously. 

These  animalt  had  been  used  in  the  experiments  imitating  the 
effects  of  "pain"  described  in  the  two  preceding  papers  of  this  series 
'  (q.  v.).  Two  of  them  had  been  subjected  to  excesdve  artificial  respi- 
ration for  twenty  minutes;  the  other  three  had  been  forced  into  natu- 
ral hyperpncea  for  the  same  [>eriod  by  stimulation  of  the  sciatic  nerve. 
Thereafter  they  had  lain  in  ^noea  for  several  minutes,  and  had  then 
passed  through  stages  of  Cheyne-St<^es  breathing  and  shallow  res- 
piration. At  this  time  thdr  condition  would  not  have  ai^>eared  to  a 
casual  bystander  as  notably  abnormal,  yet  a  few  dn^  of  chloroform 
induced  immediate  failure  of  the  circulation,  —  as  illustrated  in  Figs. 
7  and  8. 

It  is  not  probable  that  acapnia  was  the  direct  cause  of  this  hyper- 
susceptibility.  Comparing  these  experiments  with  those  described  in 
Section  Vi,  we  are  led  to  believe  tlut  the  essential  elements  were  tbe 
prolODged  partial  anoxhxmia,  tissue  a^hyzia,  and  intoxtcatioa  with 
acidosb  substances  during  the  period  of  recovery  from  acapnia  after 
the  tennination  of  hyperpncea. 

■  Embley:  British  medkal  ioanwl,  1901,  April  5,  la,  aod  19. 
"  Con^are  the  seoHid  edition  (1901),  pp.  165-167,  and  the  fourth  efitMi 
(1906),  pp.  168-174.  of  CcsHKY's  Textbook  at  Ph»ram»logy. 
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DC.  Hypeecapnia  as  a  possible  Factor  in  Post-An*sthetic 
Necrosis. 

In  normal  life  the  respiratory  centre  offers  a  vigorous  resistance  to 

the  accumulation  of  an  excess  of  COi  in  the  blood.    Haldane  and 

Priestley  found  that  the  addition  of  so  little  as  0.2  of  one  per  cent  of 

CO]  to  the  air  inspired  induces  an  increase  of  roo  per  cent  in  the  rate 

10.56         11.01  11.34  11.36 


ncOKZ  7.  —  About  one  third  the  original  size.  Experiment  of  May  29,  1909.  Methodi 
of  recording  and  of  uuEStiMtizing  were  the  same  as  io  Fig.  6.  No  morphin.  Under 
etho-  the  dog  had  been  subjected  to  stimulation  of  the  sdatic  nerve  fiom  11.02  to 
11.22.  This  caused  vigorous  hypeipntxa  and  wasfoUowed  by  apntea  for  oneminnte, 
irregular  breatliiiig  for  two  piiDutes,  and  then  by  acapnial  ihivering.  The  gnphic 
records  of  these  periods  were  reproduced  in  a  preceding  paper  (This  journal,  1910, 
XXV,  p.  389).  At  the  pomt  indicated  by  an  arrow  five  drops  of  chlotoform  were 
placed  on  the  large  funnel  connected  with  the  trachea.  As  the  record  shows,  the 
drculation  failed,  while  respiration  continued  regularly  until  the  heart  stopped. 

of  pulmonary  ventilation  in  a  man  at  rest.  Teleologically  this  fact 
suggests  that  any  con^derable  degree  of  hypercapnia  is  harmful. 

It  has  been  shown  by  Bellazzi "  and  by  Laqueur  **  that  autolysis  is 
greatly  accelerated  by  CO,.  Autolysis  and  necrosis  are  now  regarded 
as  merely  different  phases  of  the  same  general  cytolytic  process.** 
The  first  four  experiments  cited  in  Table  I  show  that  in  dogs  in  profound 
morphin-chloroform  anaesthesia,  or  even  under  chloroform  alone,  the 
arterial  blood  may  contain  a  quarter  to  a  half  more  than  the  normal 
quantity  of  CO*.  It  is  significant  that  post-anxsthetic  necrosis  is 
seldom  a  consequence  of  ether,  since  this  "respiratory  stimulant" 

°  Beixaui,  L.:  Zdtschrift  Kir  physiotogiscfac  Chemie,  1909,  Ivi^  p.  389. 

**  Laqdecx,  E.:  Schriften  der  phyak.-dkonom.  Gesellschaft  eu  Ksoigsberg  i. 
Pr.  1909,  Jahrg.  L,  i,  3. 

*  See  Wells,  H.  G.:  Chemical  Pathology,  1907,  pp.  88-103,  307-331.  "id 
457  (full  bibliography). 
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iorm  elevates  the  latter  threshold  more  than  the  former.  Ether  in 
quantities  short  of  profound  amesthesia  exerts  a  "re^uratory  stim- 
ulant" influence  which  lowers  the  threshold  for  CO,  and  thus  tends 
to  induce  acapnia. 

IV.  Apncea  in  anscsthesia  dq>ends,  in  the  sane  manner  as  in 
normal  life,  upon  the  relation  of  the  level  of  the  threshold  of  the  res- 
[Hiatory  centre  for  CO)  to  the  quantity  of  COi  in  the  blood  and  tissues. 
Whenever  the  fonnei  is  above  the  latter,  ^wntaneous  breathing 
ceases. 

V.  Under  anaesthesia  the  threshold  for  COi  may  be  elevated  50  per 
cent  above  normal,  or  depressed  50  per  cent  below  normal.  Such 
a  dq>ression  of  the  threshold  causes  vigorous  hyperpncea.  If  long 
continued,  it  results  in  intense  ao^nia. 

VI.  Chloroform  apnoea  may  be  regarded  as  merely  a  form  of  ^mcea 
vera. 

Vn.  Experiments  show  that  ether-hyperpnoea  is  quite  as  ^ective 
as  pain-hyperpncea  as  a  means  of  inducing  a  subsequent  fatal  apncea 
vera, 

Vm.  In  normal  subjects  imder  chloroform  re^uration  always 
fails  before  the  heart.  Subjects  which  have  passed  through  a 
period  of  sickness  and  suffering,  or  their  e^)£iimental  equiva- 
lents, are  hyper-susceptible  to  the  toxic  influences  of  chloroform. 
In  such  cases  the  circulation  fails  first,  or  fflmultaneously  with 
res[Hration. 

DC.  Hypercapnia  during  anaesthesia  may  be  the  factor  which  de- 
termines the  development  of  chloroform  necrosis. 

X.  Skillful  anastheoa  consists  in  maintaining  the  threshold  of  the 
res[aratory  centre  for  COi  at  a  nearly  normal  level,  and  in  av(Hding 
the  development  either  of  acapnia  or  of  hypercapnia. 

Note.  —  Of  great  importance  for  the  acapnia  theory  are  the  recent  papers  of 
Kkoch  showing  that  the  gaseous  exchanges  in  the  lunp  are  due  umply  to  diffu- 
sion, and  are  not  secretoiy.  If  Boss's  theory  of  puhnonary  gueotis  secretion 
were  correct,  the  basis  of  our  discusaon  would  be  invalidated.  It  b  only  fair  to 
add,  abo,  that  we  agree  with  Ksoch  in  upholding  the  truth  and  the  importance 
of  both  of  the  other  ideas  on  this  subject  supported  by  Bohk.  —  (i)  That  the 
heart  is  incapable  of  imparting  to  the  blood  stieun  any  such  velocity  as  Zuntc 
and  Hagbkamm  and  thdr  foUoweis  have  assumed.  And  (i)  that  at  times  a  very 
GOOBideiaUe  metaboliaoi  (disifipeuance  of  o^rgen  and  fffodnction  of  C0|  inciilest 
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to  a  rombustion  of  acidosis  substance 
dinavisches  Ardiiv  fUr  Physiologje,  191 
nal,  1909,  zdi,  p.  321.  See  alsoUENi 
and  1910,  zxv,  pp.  318  and  392;  also  I 
Same  volume,  p.  xii. 
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ADRENALECTOMY  AND  GLYCOSURIA. 

By   HUGH   McGUIGAN. 
{From  Ike  Laboralory  of  Pharmacology,  tt'ashinglon  Univrrsily,  St.  Lotd$.\ 

TT  is  well  known  that  adrenalin,  when  injected  intravenously,  hypo- 
dermically,  or  intraperitoneally,  causes  glycosuria.  Adrenalemia, 
however  produced,  would  doubtless  act  in  the  same  way.  In  keeping 
with  this  statement,  Waterman  and  Smit'  found  that  in  normal  ani- 
mals piqure  puncture  caused  both  glycosuria  and  an  increase  in  the 
adrenalin  content  of  the  blood.  If  adrenalemia  causes  glycosuria,  to 
remove  the  excess  of  adrenalin,  or  better  to  cause  an  adrenalin  de- 
ficiency, might  throw  some  light  on  the  mechanism  of  glycosuria.  A 
study  of  the  effects  of  reducing  the  adrenalin  content  of  the  blood 
was  made  by  A.  Mayer,*  who  found  that  after  adrenalectomy  piqure 
puncture  did  not  cause  glycosuria.  Nishi,'  in  confirming  this  result, 
adds  that  the  adrenals  are  also  necessar>-  for  the  production  of  glyco- 
suria by  diuretin.  If  the  above  work  be  correct,  it  is  evident  that 
there  is  a  close  relation  between  the  secretion  of  the  adrenals  and 
glycosuria. 

There  seemed  to  me  to  be  several  reasons  why  the  above  statements 
should  not  be  accepted  without  further  investigation,  i.  The  work 
was  done  on  rabbits  —  animals  especially  susceptible  to  shock  —  and 
it  b  difficult  to  separate  the  phenomena  of  shock  and  adrenal  defi- 
ciency. 2.  From  the  work  of  Strehl  and  Weiss'  we  should  expect 
that  the  removal  of  the  adrenals  would  render  the  secretion  of  the 
urine  impossible  and  therefore  create  conditions  adverse  to  the  study 
of  glycosuria.    3.  A  posable  cutting  of  the  splanchnic  nerves,  and  a 

'  Watebman  and  SiUT:  Archiv  far  die  gesammte  Physiologic,  1908,  cixiv, 
p.  198. 

*  Mayxb,  a.:  Comptes  rendus  de  la  Soci€U  de  Biologie,  1906,  pp.  1123-1134- 

*  Ntsm,  M.:  Archiv  ftlr  cxperimentelle  Pathologic  und  Phannacologie,  1909, 
td,  p.  401. 

*  5TS£m.ftnd  Weiss:  Archiv  filr  die  gesammte  Physiologie,  i9oi,lxzzvi,  p.  107 

187 
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confusaoD  ol  the  effects  of  this  with  the  effects  of  removing  of  the 
adrenals.  4.  My  own  faDuie  to  find  an  unquestionable  change  in 
the  a)ntracti(ms  of  the  nterus  in  the  serum  taken  before  and  after 
adrenalectcMny. 

Hie  object  of  the  present  paper  is  to  report  work  which  shows  that 
general  oHicluaffliis  regarding  the  production  of  glycosuria  cannot  be 
drawn  from  w(»k  done  on  rabbits  alone;  that  various  ^>ecies  oi 
animab  react  differently;  that  the  removal  of  the  adrenals  does  not 
necessarily  influence  the  mechanism  of  salt  glycosuria. 


Ether  was  used  as  the  anssthetic  for  all  animals;  in  a  few  rabbits 
3  gm.  to  the  kilo  of  urethane  was  also  used.  The  abdomen  was  opened 
in  the  middle  line  by  an  incision  extending  from  the  ensiform  process 
to  the  pubes.  The  intestines  were  enveloped  in  towels  wrung  out  of 
warm  salt  solution  (0.9  per  cent).  When  advantageous,  a  transverse 
incision  over  the  level  of  the  kidneys  was  also  made.  The  intestines 
were  drawn  to  the  side  and  when  necessary  out  of  the  abdomen.  The 
adrenals  were  dissected  out,  the  vesseb  tied,  and  the  glands  removed. 
The  operation  took  from  five  to  fifteen  minutes.  In  most  cases  the 
stumps  were  cauterized  with  a  hot  iron.  The  abdomen  was  closed, 
sutiued,  and  the  animals  kept  warm  during  the  experiment.  The  urine 
was  obtained  by  pressure  on  the  bladder.  The  tests  for  sugar  were 
made  by  Fehling's  solution  and  by  fermentation.  The  blood  pressure 
was  taken  from  the  carotid  in  the  usual  way. 

EXPEKDIENTS  WITH   RaBBITS. 

So  far  as  the  results  with  rabbits  are  concerned,  they  are  in  harmony 
with  those  of  Mayer  and  Xishi.  In  a  few  cases  I  found  sugar  after 
adrenalectomy,  but  in  each  case  the  experiment  was  open  to  question. 
The  general  statement  that  after  adrenalectomy  no  sugar  appears  in 
the  urine  of  rabbits,  seems  to  be  correct. 

Experiment.    November  18, 1909.  —  Rabbit,  weight  1870  gms.    Blood  pns- 
sure  not  taken. 
11.30.  Given  3  gm.  urethane  per  os. 
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11.45-13.00.  Adrenals  removed,  except  cme-tbird  of  the  right  gland 

and  cannula  placed  in  the  superior  mesenteric  vein  and  the 

abdomen  dosed. 
12.35-35.  50  c.c.  0.9  per  cent  NaGL.  ran  into  vdn.  Bladder  onptied, 

DO  sugar. 
1.13-1.35.   135  c.c.  ffi/3  NaiSO<  was  run  into  the  vein. 
1.35.   50  c.c.  of  urine  was  collected  and  contained  a  large  amount  of 

sugar. 
Post  mortem  examination  showed  that  one-third  of  the  right  adrenal 

had  not  been  removed. 

The  result  of  this  experiment  can  be  taken  to  show  that  this  strength 
and  amount  of  solution  will  cause  diuresis  and  glycosuria  in  the  rabbit. 
The  presence  of  the  small  amount  of  gland  is  sufScient  to  render  pos- 
sible the  production  of  glycosuria.  The  part  remaining  was  tied  off, 
and  it  b  questionable  whether  the  sugar  was  due  to  its  presence. 

No  ember  H,  1909.  —  Rabbit,  weight  2300  gm. 
I3.00.   Given  a  gm.  urethane  per  os. 
i.io-t.35.  Given  ether  and  the  adrenals  removed.    Urine  contained 

no  sugar. 
1.50-3.55.  335  c.c.  ffi/3  NaiSOi  had  run  into  the  portal  vein. 
3.05.  Animal  dead.    7  c.c.  urine  contained  no  sugar. 
Post  mortem.    No  adrenal  tissue  remained.    The  intestines  were  full 

of  fluid. 

In  aU  eighteen  rabbits  were  used,  and  from  300  to  370  c.c.  of  salt 
solution  injected  (m/a  NajSO.).  The  salt  injection  was  usually  made 
into  the  jugular  vein.  No  other  case  than  the  one  quoted  above  gave 
a  positive  salt  glycosuria.  In  many  cases  ether  alone  was  used,  no 
urethane  being  given. 

The  following  shows  the  effect  of  adrenalectomy  on  the  blood  pres- 
sure of  i:abbits. 

Jamary  8, 1910.  —  Rabbit,  male,  tSoo  gm. 

10.15.  Ether. 

10.13.  Blood  pressure  in  carotid  100  mm.  Hg. 

10.53.  Abdomen  opened,  intestines  protected  with  wann  towels 
wrung  out  of  0.9  per  cent  NaCl.  Dissected  around  the  adrenals 
in  the  same  manner  as  for  their  removal.    Abdomen  closed. 

10.55.  Blood  pressure  50  mm.  Hg. 
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11.03.  Blood  pressure  54  mm.  Hg. 

11.13-11.15.   Adrenals  removed.  I 

II. 18.  Blood  pressure  30  mm  Hg. 

11.32.  One-half  cc  0.1  per  cent  strychnine  sulphatedubcutaneously. 

11.40.   Blood  pressure  58  mm.  Hg. 

The  pressure  here  was  probably  very  little  influenced  by  the  strych- 
nine, as  I  obtained  a  similar  rise  in  each  case  when  no  drug  was  given. 
I  have  never  seen  the  rise  attain  more  than  60  mm.  without  the 
injection  of  salt  solution. 

Does  the  permeability  of  the  kidneys  of  normal  and  adrenalectomized 
rabbits  differ? 

The  following  experiments  answer  this  question: 

November  11, 1909. — Rabbit,  2300  gm.    Urethane  and  ether  anaesthesia. 

11.35.  Adrenals  removed  and  abdomen  dosed. 

13.15.  ^  S°^-  ^^  dextrose  in  100  cc.  0.9  per  cent  NaCl  ran  into  jugu- 
lar vein. 

13.30.  15  cc.  urine  squeezed  from  the  bladder  contains  a  large 
amount  of  sugar. 

3.30.  Bladder  ^ain  emptied,  5  cc.  urine,  large  amount  of  sugar. 

6.35.  Animal  still  alive,  but  no  urine  in  the  bladder. 

g.oo  A.  u.  next  day.    Animal  found  dead,  bladder  contained  no  mine. 

The  experiment  was  repeated  using  0.5  gm.  of  sugar  in  a 
rabbit  weighing  1600  gm.  In  this  case  no  sugar  appeared  in  the 
urine. 

Calculating  the  amount  of  blood  in  the  rabbit  at  5  per  cent  of  the 
body  weight,  there  was  at  least  i  per  cent  sugar  in  the  blood  of  the 
first  rabbit  and  0.25  per  cent  in  that  of  the  second.  The  result  agrees 
with  that  found  by  Blumenthal '  and  Comessatl '  for  normal  ani- 
mab.  They  found  that  it  was  possible  to  inject  over  one  gram  of 
dextrose  per  kilo  body  weight  before  sugar  appeared  in  the  urine  of 
rabbits.  The  results  obtained  by  injection  into  the  general  circula- 
tion, however,  must  not  be  confounded  with  the  results  of  InjectioDS 

*  Blduenthal:  BeiliUge  zur  chemischen  Physiologie  und  Pathologie,  1905, 
vi,  p.  339. 

*  CouESSATi:  Ibid.,  1907,  ix,  p.  67. 
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made  directly  into  the  renal  arteiy.'    In  this  later  case  the  smallest 
amount  will  be  eliminated  promptly  by  the  kidneys. 

Action  of  phloridzlii  iftar  adniuloetomr  in  rabUt. —  I.     A  normal  ani- 
mal, weight  1500  gm.,  was  given  one  half  gram  phloridzin  subcuta- 
neously.    A  large  amount  of  sugar  appeared  in  the  urine  in  a  few 
hours. 
II.  Weight  of  animal  1150  gm.    Ether  anasthesJa. 
9.00-9.35.  Adrenak  removed  and  abdomen  dosed. 
9.30.  0.5  gm.  phloridzjn  was  given  subcutaneously. 
10.00.   10  minims    of   0.1  per  cent   strychnine  sulphate  subcuta- 
neously. 
1.00.  Animal  in  good  condition.    No  urine. 
1.45.  0.35  gm.  phloridzin  subcutaneously. 
3.30.  Animal  dead.    Bladder  contains  5  c.c.  urine.    Large  reduction 

and  fermentation. 
Post  mortem  showed  that  all  adrenal  tissue  had  been  removed. 

Two  other  animals  treated  similarly,  but  without  the  strychnine, 
died  in  three  hours  without  having  secreted  urine.  The  short  dura- 
tion of  life  may  be  partially  caused  by  a  greater  toxicity  of  phloridzin 
after  adrenalectomy. 

The  positive  result  after  phloridzin,  in  contrast  to  the  negative 
result  of  Na,SO„  may  be  explained  on  the  accepted  theory  that  the 
mechanism  of  the  glycosuria  in  the  two  is  different.  A  different 
theory,  however,  n.eed  not  be  invoked. 

It  is  generally  accepted  that  the  sugar  in  the  blood  exists  in  com- 
bination. A  small  amount  may  be  free.  Salts  probably  alter  the 
ratio  of  the  free  to  the  combined  sugar,  and  when  the  free  sugar  reaches 
a  certain  amoimt, —  which  is  constant,  —  glycosuria  results.  The 
organs  of  the  body  have  a  certain  combining  power  for  free  sugar. 
This  combining  power  may  also  be  lessened  by  salts  that  cause  glyco- 
suria. Phloridzin  may  affect  the  ratio  of  the  free  to  the  combined 
sugar  more  than  other  drug,  and  for  that  reason  glycosuria  could 
result  without  an  increase  in  the  total  quantity  of  the  blood  being 
changed,  and  without  accepting  the  questionable  theory  that  the 
kidneys  manufacture  the  sugar  in  phloridzin  glycosuria.  This,  how- 
ever, is  pure  theory. 

T  UNDERmix  and  Ki£n<EK:  Journal  of  biological  dtemistiy,  190S,  iv,  p.  395. 
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12.49.  40  C.C.  more  salt  solution  ran  into  the  vein. 
1. 00.   Bladder   full   of   urine   which   contains   a 

large  amount  of  sugar "     76  mm.  Hg. 

Animal  killed.     Post  mortem  showed  that  the  adrenals  had  been 

completely  removed. 

The  experiment  was  repeated  with  like  results.  Salt  glycosuria  is 
rapidly  and  easily  produced  in  the  cat  after  the  removal  of  the  ad- 
renals. A  difference  in  the  susceptibility  of  the  cat  as  compared  with 
the  dc^  or  rabbit  is  quite  apparent,  m/2  NaiSO.  is  very  toxic  for 
the  cat  when  injected  into  the  vein. 


Discussion  of  Results. 

With  rabMts,  removal  of  the  adrenals  renders  salt  glycosuria  im- 
possible. That  this  is  not  a  true  deficiency  phenomenon,  but  a  result 
of  some  secondary  factor,  is  rendered  probable  from  results  obtained 
with  dogs  and  cats.  Each  of  these  animals  gives  positive  results.  In 
the  cat,  expecially,  salt  glycosuria  can  be  rapidly  and  easily  produced. 
The  cause  of  the  difference  between  the  cat  and  the  rabbit  seems  to 
be  due  to  different  degrees  of  shock.  As  measured  by  the  blood  pres- 
sure, shock  is  greater  in  the  rabbit  than  in  the  cat;  this  element  alone 
may  be  sufficient  to  ezpUun  the  different  response  to  salt  action.  The 
difference  might  be  due  to  the  presence  of  accessory  glands  in  the  cat 
and  th^  absence  in  the  rabbit,  although  I  have  been  unable  to  find 
evidence  in  favor  of  this  possibility.  The  short  duration  of  life  would 
speak  against  their  presence,  and  even  if  present,  it  is  questionable 
whether  on  such  short  notice  they  could  functionate  to  such  a  degree  as 
to  cause  the  great  difference  in  results. 

There  is  a  dedded  difference  in  the  susceptibility  of  these  animak 
to  sodium  sulphate;  rabbits  and  dogs  being  remarkably  tolerant, 
while  cats  are  easily  killed  by  an  action  on  the  heart.  A  m/2  solution 
can  be  injected  into  the  rabbit  or  dog  with  impunity  but  will  kill  a 
cat  instantly.  The  difference  here  seems  to  be  as  great  as  the  differ- 
ence in  the  susceptibility  of  dogs  and  rabbits  to  chloroform. 

The  fact  that  sugar,  when  injected  intravenously,  passes  through 
the  kidneys  as  in  a  normal  animal,  shows  that  the  kidneys  are  little, 
if  any,  changed.     Phloridzin  also  causes  glycosuria  as  in  a  normal 
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animal.  The  usual  statement  tliat  phloridzm  causes  glycosuria  by 
acting  on  the  kidneys  may  be  considered  a  sufficient  explanation  for 
its  action  here.  There  is,  however,  no  sufficient  reason  for  acsiiTning 
one  mechanism  for  phloridzin  glycosuria  and  another  for  the  caffein 
compounds  or  salt  solutions.  The  reason  why  phloridzin  causes 
glycosuria  when  sodium  sulphate  solution  or  a  caffein  compound  does 
not,  probably  is  due  to  quantitative  differences  caused  in  the  ratio 
of  the  free  to  the  combined  sugar  In  the  blood ;  phloridzin  may  cause 
a  larger  amount  of  the  free  sugar.  This,  however,  must  remain  an 
hypothesis  until  a  quantitative  method  is  devised  to  determine  the 
condition  of  the  sugar  in  the  blood. 

When  the  duration  of  life  b  so  short  after  removal  of  the  adrenals, 
it  is  difficult  to  assign  a  true  value  to  negative  results.  Rabbits  Uve 
on  an  average  of  eight  to  fourteen  liours  after  the  operation,  and 
during  this  time  they  never  fully  recover  from  the  immediate  results 
of  the  operation.  It  is  quite  impossible  then  to  differentiate  the  effect 
of  shock  and  adrenalin  deficiency.  With  dogs  and  cats,  however,  the 
phenomenon  of  shock  —  at  least  so  far  as  the  blood  pressure  b  a 
measure  —  is  not  so  great,  and  positive  results  can  be  obtained  with 
these  animals. 

SnuuAsy. 

1.  Removal  of  the  adrenals  in  rabbits  renders  the  production  of 
salt  glycosuria  impossible,  while  phloridzin  glycosuria  occurs  readily. 

2.  Removal  of  the  adrenals  in  dogs  makes  the  producrion  of  salt 
glycosuria  more  difficult,  but  it  can  be  produced. 

3.  Removal  of  the  adrenals  in  cats  does  not  seem  to  modify  the 
production  of  salt  glycosuria. 
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NOTES  ON  THE  ANALYSIS  OF  EDESTIN  AND  ZEIN. 

By  THOMAS  B.  OSBORNE  and  L.  M.  LIDDLE. 

[From  Ihe  LabortOory  of  Iht  Coyineakul  Agricuttural  Experiment  Siaticn.'] 

/"^WING  to  a  fire  which  recently  destroyed  our  laboratory,  some 
of  the  work  in  progress  at  the  time  could  not  be  completed,  but 
as  data  had  been  obtained  which  give  some  information  concerning 
losses  that  occur  in  estimating  the  products  of  hydrolysis  of  proteins, 
and  also  give  additional  data  respecting  the  amount  of  some  of  the 
decomposition  products  of  edestin  and  zein,  we  have  thought  it  worth 
while  to  publish  them,  althoi^h  the  analyses  are  far  from  complete. 

Hydbolvsis  of  Edestin. 

Two  portions  of  loo  gm,  each,  and  one  of  300  gm.  of  air-dry  edestin 
were  separately  hydrolyzed  by  heating  on  a  water  bath  with  1000  c.c, 
of  hydrochloric  acid,  sp.  gr.  i.i,  and  then  by  boiling  in  an  oil  bath  for 
twenty-four  hours.  The  total  quantity  of  edestin  equalled  444  gm. 
ash  and  moisture  free. 

Each  solution  was  separately  concentrated  to  about  one-half  its 
volume  and  then  saturated  with  hydrochloric  add  gas.  After  stand- 
ing on  ice  for  six  days  the  glutamimc  acid  hydrochloride  was  filtered 
out,  dissolved  in  water,  the  solutions  decolorized  with  bone  coal  and 
concentrated  to  crystallization.  The  quantity  of  pure  hydroctiioride 
obtained  from  these  solutions  was  equal  to  13.S9,  12.36,  and  36.45 
gm.  of  free  glutaminic  add  or  to  14.50,  13.91,  and  13.67  per  cent 
respectively. 

These  figures  agree  well  with  the  earlier  determination  by  Osborne 
and  Gilbert '  who  found  by  direct  separation  14.0  per  cent  and  also 

*  Tlie  expenses  of  this  investigation  were  shared  by  the  Conaecticut  Agri- 
cultunil  Experiment  Station  and  the  Carnegie  Institution  of  Washington,  D.  C. 
'  OsBOKN£  and  Gilbert:  This  journal,  1906,  xv,  pp.  333-356. 
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with  a  later  result  of  14.5  per  cent  by  Abderhalden  (communicated  by 
letter).  These  results  are  however  all  too  low,  for  after  retumin  the 
mother  liquors  from  the  re-crystallization  to  the  main  hydrolysis  solu- 
tion we  subsequently  isolated  from  the  esters  a  quantity  of  gluta- 
minic  acid  equal  to  4.84  per  cent,  making  the  total  yield  18.74  per 
cent  of  the  combined  amount  of  edestin  which  was  hydrolyzed. 

In  this  connection  attention  should  be  called  to  the  fact  that  the 
6.3  per  cent  of  glutaminic  acid  which  was  reported  by  Abderhalden,* 
and  since  extensively  quoted  in  the  literature,  was  obtained  by  the 
ester  method  several  years  ago,  and  at  a  time  when  it  was  not  known 
that  much  of  the  glutaminic  acid  ester  is  retained  in  the  distillatioD 
residue. 

The  main  hydrolysis  solution,  together  with  the  mother  liquors 
from  the  glutaminic  add,  was  largely  freed  from  water  by  twice 
evaporating  at  a  low  pressure  with  much  absolute  alcohol,  and  es- 
terified  by  adding  35  gm.  of  zinc  chloride,  and  passing  the  vapors  of 
1500  c.c.  of  absolute  alcohol  through  the  solution  at  105°  during  six 
and  one-half  hours.  The  esters  were  liberated  according  to  Fischer's 
method  and  dried  over  sodium  sulphate. 

The  residue  from  which  the  esters  had  been  extracted  with  ether 
was  freed  from  inorganic  salts  in  the  usual  way,  and  the  amino-adds 
again  esterified  and  shaken  out  with  ether  as  before. 

After  esterifying  for  a  third  time,  the  united  ethereal  solutions  of 
the  esters  were  freed  from  ether  by  distilling  from  a  water  bath  at 
atmospheric  pressure,  the  distillate  was  acidified  with  alcoholic  hydro- 
chloric add,  and  after  standing  some  time,  a  predpitate  was  filtered 
out.  The  addified  ether  filtrate  was  shaken  with  water  and  the 
aqueous  layer  used  to  dissolve  the  precipitate  produced  by  alcoholic 
hydrochloric  add.  The  resulting  solution  was  freed  from  ammonia 
by  boiling  with  an  excess  of  baryta,  the  baryta  removed,  and  the  solu- 
tion evaporated  three  times  with  absolute  alcohol.  The  final  residue 
was  dissolved  in  absolute  alcohol  and  the  solution  saturated  with 
gaseous  hydrochloric  add.  After  seeding  with  glycocoll  ester  hydro- 
chloride it  yielded  8.53  gm.  of  this  substance. 

The  mother  liquor  was  then  heated  on  a  water  bath  with  an  excess 
of  baryta,  the  barium  and  chlorine  removed  in  the  usual  way,  the 

*  Abderhalden:  Zeitschrift  fUr  physiologische  Cbemie,  1903,  si,  p.  349. 
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solution  decolorized  with  bone  coal  and  concentrated.  By  fractional 
crystallization  this  solution  yielded  2.46  gm.  of  leucine,  3.67  gm.  of 
alanine,  and  3.97  gm.  of  a  mixture  which  was  added  to  Fraction  I, 
subsequently  obtained  by  distilling  the  esters. 

These  results  show  that  a  not  inconsiderable  loss  of  amino-acids, 
especially  of  alanine,  has  occurred  in  past  analyses  of  proteins,  through 
neglect  to  recover  that  part  of  them  carried  over  with  the  ether. 

That  leucine  ester  is  thus  easily  carried  over  with  the  ether  was 
later  confirmed  in  connection  with  another  experiment,  in  which 
30  gm.  ot  leucine  and  15  gm.  of  aspartic  acid  were  esten&ed  and  the 
esters  shaken  out  with  ether  according  to  Fischer's  method.  Although 
the  volume  of  the  ether  was  only  one  litre,  after  distilling  it  from  the 
esters  at  atmospheric  {wessure,  we  recovered  from  it  1.76  gm.  of  leucine. 
From  this  result  it  appears  that  considerable  losses  of  amino-acids 
may  occur  when  the  ether  distilled  from  the  esters  amounts  to  several 
litres,  as  is  usually  the  case  when  400  to  500  gm.  of  protein  are 
hydrolyzed.  * 

The  total  yield  of  crude  esters  from  which  the  ether  had  been  dis- 
tilled was  354  gm.  or  80  per  cent  of  the  edestio  hydrolyzed.  In  view 
of  the  fact  that  edestin  contains  at  least  18  per  cent  of  basic  amino- 
adds,  and  that  14  per  cent  of  glutaminic  add  had  been  removed  before 
esterifying,  this  yield  compares  favorably  with  the  yield  of  esters  ob- 
tained from  zein  by  Phelps  and  Tillotson's  method.  It  is  evident 
from  this,  that  a  satisfactory  esterificarion  can  be  obtained  by  this 
method,  with  proteins  yielding  much  basic  amino-acids,  as  well  as  with 
those  yielding  but  little. 

That  a  relatively  considerable  quantity  of  esters  was  obtained 
from  the  third  esterification,  namely  82  gm.,  was  due  to  the  long 
time  required  to  dissolve  the  hydrochlorides  of  the  esters  in  the  small 
quantity  of  cold  water  used  according  to  Fischer's  directions,  before 
liberating  the  free  esters  with  sodium  hydroxide.  We  have  always 
encountered  this  difficulty  in  analyzing  proteins  yielding  much  argi- 
nine,  and  there  can  be  no  doubt  that  in  such  cases  hydrolysis  of  the 
esters  occurs  to  considerable  extent  during  this  process. 

The  esters  were  then  distilled  in  vacuo  with  the  following  results. 
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FrecUoD.                Temp,  of  bath  up  to  Pressure.  Weight. 

I  110°  2.0  mm.  104.82  gm. 
condensed  by  liquid  tit                43.68     " 

II  160'  1.5  mm.  94.81    " 
condcaised  by  liquid  air                6.S9    " 

Undistilled  re^due 84.00    " 

Total 3J1.20gni. 

Frutlon  I,  when  saponified  as  usual,  was  evaporated  to  dryness 
and  the  residue  extracted  with  absolute  alcohol.  The  amino-adds 
insoluble  in  alcohol  were  destroyed  by  the  &re  before  their  separation 
was  completed. 

The  alcoholic  extract  was  freed  from  all  substances  insoluble  in 
alcohol,  by  repeatedly  evaporating  to  dryness,  and  extracting  the 
residue  with  absolute  alcohol  as  long  as  anything  insoluble  in  alcohol 
remained.  The  proline  was  then  converted  into  the  copper  salt,  the 
latter  extracted  with  absolute  alcohol,  and  the  alcoholic  si^ution  freed 
from  all  copper  salts  insoluble  in  alcohol,  by  repeatedly  ev^>orating 
and  extracting  the  residue  with  absolute  alcohol.  By  this  treatment 
32.86  gm.  of  1-proline  copper,  dried  at  iio°  were  obtained,  equal  to 
18.03  S)^'  ^^  ^^^^  l-proline.  The  copper  salts  insoluble  in  a]coh<d 
yielded  0.3  gm.  of  pure  r-proline  copper  equal  to  0.21  gm.  of  free 
proline.  The  total  quantity  of  proline  thus  isolated  is  equal  to  4.10 
per  cent  of  the  edestin  or  more  than  twice  as  much  as  the  1.7  per  cent 
reported  by  Abderhalden. 

Fnction  H,  when  shaken  out  with  ether  and  otherwise  treated  in 
the  customarj-  way,  yielded  16.78  gm.  of  phenylalanine  hydrochloride, 
equal  to  13.75  S™-  of  the  free  acid,  or  3.09  per  cent. 

The  undistilled  residue  when  worked  up  for  gtutaminic  add  in  the 
usual  wa)'  \ielded  26.85  Sm-  of  the  hydrochloride,  equal  to  21.51  gm. 
of  the  free  add.  or  4.85  per  cent. 

The  residue  which  remained  after  shaking  out  the  esters  for  the 
third  time  was  freed  from  inorganic  salts  and  examined  for  ox>'pro- 
line  according  to  the  method  used  by  Emil  Fischer  in  isolating  this 
aniino-acid  from  gelatin.*    After  filtering  out  some  tyroane  which 

*  Fischek:  Berichte  det  dcut^hen  cbemiscben  GeseUsdtaft,  1903,  xxxv,  p. 
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separated  from  the  concentrated  solution,  from  which  all  regents 
and  basic  amino-acids  had  been  carefully  separated,  the  so'ution 
was  decolorized  with  animal  charcoal  and  concentrated  to  a  small 
volume.  After  long  standing  over  sulphuric  acid  a  crystalline  separa- 
tion occurred,  but  this  showed  every  indication  of  a  mixture. 

Although  much  time  was  spent  in  endeavoring  to  separate  some 
definite  product,  no  oxyproline  or  other  amino-acid  was  obtained  in 
sufficient  purity  for  identification.  We  observed  no  difference  be- 
tween the  behavior  of  this  solution  and  that  of  similar  solutions  which 
we  have  examined  from  other  proteins,  and  feel  satisfied  that  the 
small  amount  of  material  contained,  at  the  most,  only  insignificant 
quantities  of  oxyproline.  We  see  no  reason  why  we  should  not  have 
obtained  this  substance  if  it  were  present  in  the  proportion  reported 
by  Abderhalden.  In  view  of  the  meagre  evidence  which  Abderhalden 
gives  as  to  the  identity  of  the  substance  isolated  by  him,  we  consider 
that  further  proof  is  needed  to  show  the  presence  of  oxyproline  among 
the  decomposition  products  of  edestin. 

Analysis  of  Zein. 

In  esterifying  according  to  Phelps  and  Tillotson's  method,  zinc 
chloride  is  used  as  a  catalyzer.  To  learn  whether  or  not  equally 
good  results  could  be  obtained  without  using  this  reagent,  we  under- 
took another  analysis  of  zein,  the  parrial  results  of  which  are  here 
given.  In  making  this  analysis  we  also  wished  to  leam  whether  or 
not  losses  nught  be  avoided  by  u^g  sodium  alcoholate  to  hberate 
the  esters  in  the  maimer  employed  by  Abderhalden  and  his  associates, 
when  working  with  small  quantities  of  material.  We  also  wished  to 
see  if  a  higher  yield  of  alanine  and  other  amino-acids  could  be  ob- 
tained by  taking  precautions  to  recover  all  the  amino-acids  carried 
over  with  the  alcohol  and  ether  when  these  solvents  were  distilled  off 
from  the  free  esters, 

A  quantity  of  air-dry  zein,  equal  to  184.6  gm.  of  moisture,  ash  and 
fat-free  substance,  was  hydrolyzed  by  boiling  with  500  c.c.  hydro- 
chloric add  for  forty-nine  hours.  After  removing  36.88  gm.  of  g^u- 
taminic  add  hydrochloride,  the  filtrate  from  the  first  separation  of 
the  glutaminic  add  hydrochloride  and  the  mother  liquors  from  its 
re-crystallization  were  united  and  evaporated  to  a  syrup.     After 
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-r.-itir.g  with  alcohol  13.33  g™-  o^  ammonium  chloride  were  filtered 
-:.     The  alcoholic  solution  was  saturated  with  hydrochloric  acid, 
1-.  ■:■.  «»ratetl  under  diminished  pressure  to  a  syrup,  and  8.45  gm.  more 
:.T:rr:i»iiium  chloride  filtered  out. 

:  ::•:  amino-acidsin  the  alcoholic  solutions  were  then  esterified  by  pass- 
...j!_  ':;rriu(!h  the  solution  the  vapors  of  iioocc.  of  absolute  alcohol  coo- 
:.;::;:H  44  c.c.  of  alcoholic  hydrochloric  add.  The  solution  contain- 
.,'  •  r:i;  inters  was  then  made  up  to  gcxj  c.c,  chlorine  estimated  in  5  c.c, 
,:  i-  and  the  esters  liberated  by  adding  a  solution  of  sodiimi  ethylate 
..i-.f  lining  a  very  little  less  than  the  ralcu'ated  quantity  of  sodium. 

\('i-r  the  sodium  chloride  had  settled  during  the  night,  the  dear 
^.>;  i'l.m  was  decanted  and  an  equal  volume  of  ether  was  added  to  the 
r    ;,.l'i.-       This  was  then  left  on  a  folded  filter  over  night. 

1  lie  olutiun  of  the  esters  was  evaporated  under  diminished  pres- 
iiiir  I  tic  londensed  alcohol  and  ether  being  collected  in  a  fiask,  which 
HI  iiiti  WHS  connected  with  a  second  Bask  contaiiung  hydrochloric 
1.  irl  III  i.Hii-r  to  hold  any  esters  that  might  be  carried  over  with  the 
\  ipi>i->  whiih  had  failed  to  condense. 

I  III'  ^■1l^-r^*.  from  which  the  alcohol  and  ether  had  been  distilled, 
(vi-ir  ill  .-.(ilvfd  as  far  as  possible  in  absolute  ether,  A  part  which  did 
iiiir  iIUmiIvc  was  liltered  out  and  treated  with  water,  alcoholic  hydro- 
(  hlinit  mill  ttiUK-d.  and  the  solution  evaporated  to  a  thick  syrup,  which 
w.n  tiiki-n  up  in  alcoholic  hydrochloric  acid.  The  sodiimi  chloride, 
wliii  I1  hiiil  liifii  t'lltired  from  the  alcoholic  solution  of  the  esters,  and 
wliii  h  '.till  ctiiituiiu-d  much  adhering  esters,  as  well  as  unesterified 
jHirtiiiiw  of  ihr  uiniDo-acids,  was  dissolved  in  hot  water,  the  solution 
riKi'lr  :i(  id  with  hydrochloric  acid  and  evaporated  to  a  syrup.  The 
r"  i'liir  Wii*  tn';itf<t  with  alcohol,  the  sodium  chloride  filtered  out,  and 
llic  -.oliiiiiin  iiddi-tl  to  the  solution  similariy  obtained  from  the  part  of 
tbf  V'irr-,  whiih  did  not  dissolve  in  the  ether. 

After  fvajwrating  the  united  solutions  to  small  volume,  the  dis- 
s'.lvcd  substitnrcH  were  re-esterified  by  passing  the  vapors  o(  700  c.c. 
'if  ab-'fliilp  alrohol,  containing  50  c.c.  of  alcoholic  hydrochloric  add, 
Wfo-vjh  the  mixture  during  five  hours. 

The  -cliition  was  then  evaporated,  under  diminished  pressure,  to 
n  -ynip  in  order  to  remove  the  excess  of  hydrochloric  add,  the  residue 
Hi.  '.Iv'l  in  alKfjJiite  alcohol,  the  solution  made  up  to  a  volume  of 
!    >  '  ( ,  and  chlorine  determined  in  5  c.c.    The  esters  were  then  set 
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free  by  adding  0.5  gm.  less  than  the  calculated  quantity  of  sodium, 
which  was  dissolved  in  500  c.c.  of  absolute  alcohol.  After  standing 
over  night,  the  dear  solution  was  drawn  off,  and  the  sodium  chloride 
filtered  from  the  remainder,  and  washed  with  absolute  alcohol.  The 
alcohol  was  then  distilled  off  under  diminished  pressure,  using  the 
same  precautions  to  recover  any  esters  that  were  carried  over  as 
described  for  the  first  esterification.  The  residue  of  esters  was  then 
extracted  with  absolute  ether,  and  the  filtered  ethereal  solution  united 
with  the  corresponding  solution  of  the  esters  obtained  by  the  first 
treatment. 

In  order  to  determine  how  much  esters  were  carried  off  with  the 
alcohol  distilled  from  the  esters,  the  add  distillates  were  evaporated 
imder  diminished  pressure,  and  the  residues  from  each  esterification 
were  examined  separately  as  follows: 

The  re^due  from  the  alcohol  distilled  from  the  first  esters  was  taken 
up  in  water,  an  excess  of  baryta  added,  and  the  solution  evaporated 
to  expd  ammonia.  After  twice  repeating  the  evaporation  with  water, 
the  barium  was  removed  with  sulphuric  add,  the  chlorine  with  silver 
sulphate,  and  the  sulphuric  add  with  an  equivalent  quantity  of  baryta. 
From  this  solution  10.53  gm.  of  amino-adds  were  recovered,  of  which 
1.86  gm.  were  leucine,  4.34  gm.  alanine,  and  4.32  gm.  a  mixture  of 
leucine,  valine  and  alanine,  which  were  united  with  a  similar  fraction 
obtained  from  the  esters  subsequently  distilled  at  low  pressure. 

The  ether  solution  of  the  esters  was  subjected  to  distillation  from 
a  water  bath  at  atmospheric  pressure  and  the  ether  distillate  shaken 
up  with  dilute  hydrochloric  add  and  evaporated  to  dryness. 

During  the  subsequent  distillation  of  the  esters  at  low  pressures, 
liquid  ur  was  used  throughout  the  process,  to  condense  any  vapors 
that  otherwise  escaped  condensation.  The  substance  thus  con- 
densed was  addified  with  hydrochloric  add  and  likewise  evaporated 
to  dryness.  The  residue,  2.17  gm.,  was  united  with  the  residue  from 
the  ether,  and  also  with  the  residue  from  the  addified  alcohol  distilled 
from  the  products  of  the  second  esterification. 

The  united  substances  were  freed  from  ammonia  and  otherwise 
treated  in  the  same  way  as  the  addified  distillate  from  the  first  esters. 
By  fractional  crystallization  of  the  free  amino-adds  3.8r  gm.  of  a 
mixture  were  separated  which  consisted  chiefly  of  leudne  and  valine 
(?),3.99  gm,  of  alanine  and  3.09  gm.  of  a  very  soluble  fraction.    Tbb 
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latter  and  also  the  2.81  gm.  of  mixed  adds  were  added  to  a  simUar 
fraction  obtained  by  subsequently  distillmg  the  esters  at  low  pressure. 
We  thus  find  that  a  total  of  22.49  gi"-  °^  amino-adds  were  carried 
over  with  the  alcohol  and  ether  distilled  from  the  free  esters  or  13.2 
per  cent  of  the  zein.  These  figures  show  that  serious  losses  may 
occur  if  due  precautions  are  not  taken  to  recover  the  aDuno-£idds 
which  are  carried  off  when  the  solvents  are  distilled  from  the  free 
esters,  and  that  much  of  this  loss  falls  on  alanine. 

Distillation  of  the  Esters. 

The  esters  which  remained  after  distilling  off  the  ether  wdghed 
174  gm.  equal  to  94.0  per  cent  of  the  zein  even  though  16  per  cent  of 
glutaminic  add  had  been  previously  removed  as  hydrochloride.  We 
thus  find  that  the  yield  of  esters  was  quite  as  great  as  the  best  yields 
which  we  had  previously  obtained  when  zinc  chloride  was  used  as  a 
catalyzer,  and  that  this  reagent  is  not  necessary  in  effecting  a  satis- 
factory esterification.  The  esters  were  then  distilled  as  rapidly  as 
possible,  consistent  with  good  condensation,  liquid  air  being  used 
throughout  the  entire  distillation  in  order  to  condense  everything 
that  passed  over.  Only  2.17  gra.  of  residue  was  obtained  by  evaporat- 
ing the  contents  of  the  liquid  air  tube  addified  with  hydrochloric 
add. 

Fraction.  Temp,  of  bath  up  to  Pressure.  Wdght . 

I  95-  Umm.  41.14  gm. 

n  105*  0.9    "  38.42    « 

m  US'  1.2  "  3.86  •• 

Distillation  reudue  75.00   " 

Coodenaed  by  liquid  ur  ....  15.06   " 


173.48  gm. 


VrMtlon  I  was  saponified  in  the  usual  way,  the  aqueous  solution 
evaporated  to  dryness,  and  the  residue  extracted  with  boiling  abso- 
lute alcohol.  The  aralno-adds  insoluble  in  absolute  alcohol  wdghed 
23.47  gm.  and  by  fractional  crystallization  yielded  15.57  Pi^-  of 
leudne.  The  remainder  of  this  fraction  was  united  with  the  mother 
liquors  from  the  leudne  obtained  from  Fraction  II. 
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Fraction  U  yielded  17.66  gm.  of  amino-adds  insoluble  in  alcohol, 
from  which  15.10  gm.  of  leucine  were  separated  by  fractional 
crystallization. 

The  solutions  from  which  the  leucine  had  separated,  together  with 
the  more  soluble  part  of  Fraction  I,  and  also  the  mixed  adds  recovered 
from  the  alcohol  and  ether,  as  previously  stated,  by  fractional  crystal- 
lization yielded  4.2  gm.  of  leucine,  9.74  gm.  of  alanine  and  8.65  gm.  of 
a  mixture,  probably  largely  valine,  with  some  leucine  and  alanine. 
This  mixture  was  destroyed  by  fire  before  it  was  further  examined, 
hence  no  estimation  of  valine  was  made. 

From  the  united  alcoholic  extracts  of  the  amino-adds  from  Frac- 
tions I  and  n  the  proline  was  isolated  as  the  copper  salt,  the  weight 
of  which,  when  dried  at  no",  was  equal  to  16,6  gm.  of  proline. 

There  were  thus  obtained  from  Fractions  I  and  11  1S.07  gm.  of 
alanine,  or  9,79  per  cent;  34.73  gm.  of  leudne,  or  18.82  per  cent,  and 
16.6  gm.  of  proline,  or  8.99  per  cent  of  the  zein. 

rrMtlon  m  which  weighed  only  3.86  gm.,  when  saponified  with 
baryta  and  worked  up  in  the  usual  way,  yielded  no  copper  aspartate 
and  was  lost  before  anything  definite  was  obtained  from  it.  It  prob- 
ably consisted  chiefly  of  leudne  ester. 

The  distillation  residue  was  also  lost,  hence  so  determinations  of 
phenylalanine,  aspartic  or  glutaminic  add  were  made. 

The  figures  for  leudne  and  proline  ^^ee  dosely  with  the  higher 
results  previously  obtained.  The  amount  of  alanine  however  is  much 
greater  than  that  found  in  any  of  the  earlier  analyses  and  shows 
plainly  the  necessity  of  using  care  to  recover  all  esters  that  may  be 
carried  oS  with  the  ether  or  alcohol  distilled  from  the  free  esters.  In 
the  following  table  we  give  the  results  of  all  the  determinations  of 
alanine,  leucine  and  proline  from  zein  which  have  thus  far  been  made 
in  this  laboratory. 


Osborne 
andCLAPP. 

OsBOKNB  and  Jones 
1                   2 

3 

OSBOBNE 
andLlDDLE. 

Alanine    . 

2.23 

6.08 

3.42 

9.79 

Leudne    . 

18.30 

19.55 

18.30 

17.76 

18.82 

Proline     . 

6.53 

8.23 

9.04 

7.U 

899 
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Since  all  the  determinations  of  the  mono-amino-adds  are  to  be 
considered  as  distinctly  lower  than  the  quantities  actually  yielded 
by  the  protein,  it  seems  reasonable  to  accept  the  highest  figures  ob- 
tained, as  most  nearly  representing  the  actual  quantity  of  these  sub- 
stances present  in  the  hydrolysis  solution,  provided  care  is  taken  to 
weigh  only  pure  products  when  making  such  determinations. 

We  may  therefore  consider  that  the  following  table  more  nearly 
represents  the  actual  proportion  of  the  products  of  hydroljr^  of 
zein  than  do  any  one  of  the  separate  analyses  of  this  protein. 


Analysis 

OF  Zein. 

GlycocoU 

...     0.00 

Serine 

....      1.02 

Alanine 

.  .  .   .     9.79 

....      3.55 

Leucine 

.  .  .  .    19.55 

Histidme 

....     0.82 

Proline 

.  .  .   .     9.04 

Lysine 

....     0.00 

Phenylalanine  .... 

.   .   .  .     6,55 

....     0.00 

Asparticacid    .... 

.   .  .   .     1.71 

.   .  .   .     364 

Glutaminic  add   .  .  . 

.   .  .   .   26.17 

CarbohydraU     .   .   .    . 

....    con 

Total 

....    8S.27 
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A  CONSIDERATION  OF  THE  SOURCES  OF  LOSS 

IN  ANALYZING  THE  PRODUCTS  OF 

PROTEIN  HYDROLYSIS. 

By  THOMAS  B.  OSBORNE  and  D:  BREESE  JONES. 
{From  Iht  Laboratory  of  Ike  Cmattdicul  AgricuUuraJ  Exprrimail  Stalion.'] 

TT  is  plain  from  all  that  is  said  and  written  that  there  is  a  wide- 
•*■  spread  feeling  of  dis^^wintment  in  respect  to  the  progress  that 
has  been  made  within  the  last  few  years  in  our  knowledge  of  the 
chemistry  of  proteins. 

The  high  hopes  raised  by  the  analytical  methods  introduced  by 
Emil  Fischer  appear  to  have  led  to  the  assumption  that  we  should 
soon  know  practically  all  of  the  constituents  of  the  more  important 
proteins,  and  that  no  considerable  part  of  these  would  long  remain 
the  subject  of  doubt  and  conjecture.  Although  it  was  generally 
realized  that  much  time  and  labor  would  be  required  to  obtain  a 
knowledge  of  the  actual  combinations  of  the  many  primary  building 
stones  within  the  molecules  of  these  proteins,  nevertheless,  the  im- 
mense importance  to  physiology  of  a  reasonably  complete  qualita- 
tive knowledge  of  their  make-up,  and  an  approximate  knowledge  of 
the  proportions  in  which  the  several  amino-adds  are  contained  in 
them,  led  to  the  expectation  that  much  light  was  about  to  be  shed  on 
multitudes  of  obscure  problems.  It  is  not  surprising  therefore  to 
find  that  many  point  to  the  large  deficiency  shown  by  even  the  most 
successful  protein  analyses,  and  ask  what  it  is  which  makes  up  the 
large  undetermined  part?  Without  a  knowledge  of  this  unknown 
moiety  we  are  unable  to  use  these  analyses  for  many  of  the  purposes 
for  which  they  were  originally  intended,  and  consequently  their  value 
is  greatly  curtailed. 

The  development  of  almost  every  analytical  method  has  been 
slow,  and  the  working  out  of  the  conditions  necessary  for  its  success- 

*  The  espenses  of  this  investigation  were  shared  by  the  Connecticut  Agri- 
cultural Experiment  Station  and  the  Carnegie  Institution  of  Wa^iington,  D.  C. 
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fill  application  has  required  long  and  patient  study  of  the  minor 
details  of  the  various  steps  involved.  It  is  only  natural  to  expect  that 
an  analytical  method,  which  is  probably  more  complicated  than 
any  heretofore  used,  should  at  first  yield  results  which  would  be  much 
inferior  to  those  which  might  later  be  obtained  after  knowledge  and 
experience  had  been  acquired  in  applying  it  many  times.  In  the 
following  pages  we  discuss  the  various  sources  of  loss  encountered 
in  making  protein  analyses,  and  give  such  information  respecting  their 
nature  and  extent  as  we  have  thus  far  been  able  to  obtain. 

In  carrying  out  an  analysis  of  the  mixture  of  mono-amino-adds, 
according  to  the  now  well-known  method  of  Emil  Fischer,  there  are 
several  steps  which  must  receive  especial  attention  if  the  best  results 
are  to  be  obtained. 

First  the  hydrolysis  must  be  complete,  that  is,  the  proteui  must  be 
so  far  decomposed  into  amino-adds  that  no  combinations  of  these 
with  one  another  remain  in  the  solution. 

Second  the  eslerificatum  of  the  amino-adds  which  are  to  be  deter- 
mined in  the  mixture  of  esters  must  be  complete. 

Third  the  distillaiion  of  these  esters  must  not  involve  losses  through 
incomplete  distillation  or  incomplete  condensation  or  destructive 
secondary  decomposition. 

Fourth  the  separatum  of  the  amino-adds  regenerated  from  the 
esters  must  be  effected  without  loss. 

That,  with  the  exception  of  the  fijst,  none  of  these  requirements 
are  fulfilled,  was  pointed  out  by  Fischer  himself  in  describing  his 
method.  To  what  extent  this  failure  to  fulfil  these  requirements 
affects  the  results  of  the  analyses,  has  not  yet  been  shown. 


I.  Complete  kydrolytic  decomposition  of  the  protein. 

In  order  to  completely  hydrolyze  a  protein  it  is  obvious  that  all  of 
it  should  first  be  brought  into  solution.  This  is  accomplished  in  some 
cases  with  difficulty,  for  the  concentrated  add  usually  converts  the 
protein  into  a  gelatinous  mass  which  dissolves  gradually,  leaving 
more  or  less  sticking  to  the  sides  and  neck  of  the  flask,  and  this  subse- 
quently passes  into  solution  slowly.    It  is  difficult  to  determine  when 
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solution  is  complete  for,  even  after  the  most  prolonged  hydrolysis, 
a  certain  small  amount  of  substance  remains  in  that  insoluble  condi- 
tion, which  is  commonly  designated  melanin  or  bumin.  As  an  admix- 
ture of  undissolved  protein  cannot  be  detected  by  the  eye,  it  is 
important  to  apply  the  biuret  test  to  the  undissolved  substance,  so 
as  to  be  sure  that  none  of  the  so-called  melanin  consists,  in  fact,  of 
protein.  Even  if  no  biuret  reaction  is  obtained,  it  is  by  no  means 
certain  that  the  hydrolysis  is  complete,  for  resistant  products  may 
be  formed  which  are  insoluble  in  add  solutions,  but  which,  when 
subjected  to  more  energetic  action  of  acids,  can  be  decomposed  into 
free  amino-adds. 

Thus  we  have  found  that,  when  gliadin  was  digested  for  six  and 
one-half  hours  on  the  water-bath  with  25  per  cent  sulphuric  add  and 
then  boiled  in  an  oil-bath  for  eight  hours,  a  relatively  lai^e  insoluble 
residue  was  suspended  in  the  solution.  This  was  thoroughly  washed 
with  hot  water  and  with  alcohol  and  then  boiled  with  20  per  cent 
hydrochloric  add  for  six  hours.  After  filtering  out  the  smaller  amount 
of  black  insoluble  residue  the  solution  was  cleared  with  bone  black 
and  examined  for  amino-adds.  As  it  gave  only  a  very  slight  Millon's 
reacUon,  and  no  tyrosine  could  be  separated,  it  is  plain  that  the  in- 
soluble substance  remaining,  after  boiling  with  sulphuric  add,  did 
not  consist  of  imaltered  gliadin.  From  this  solution  much  gluta- 
minic  add,  and  a  not  inconsiderable  quantity  of  cystine,  were  isolated 
in  a  pure  state.  Evidence  of  leucine,  relatively  much  proline,  the 
dipqitide  of  proline  and  phenylalanine  and  other  amino-adds  were 
also  obtained  but,  owing  to  the  small  quantity  of  substance  and  the 
number  of  amino-adds,  these  could  not  be  separated  in  a  pure  enough 
condition  for  strict  chemical  identification. 

The  results  obtained,  however,  were  such  as  to  leave  no  question 
that  the  relaUve  proportion  of  these  amino-adds  was  very  different 
from  that  in  ghadin,  and  that  the  substance  was  a  polypeptide-like 
combination,  or  a  mixture  of  such  combinations  more  difficult  to 
hydrolyze  than  the  great  bulk  of  the  protein. 

Fischer  and  Abderhalden  *  have  shown  that  a  part  of  certain  pro- 
teins resists  the  prolonged  action  of  trypsin,  but  that  on  boiling  this 

'  FiscHEK  and  Abdekhaiden:  Zeitschrift  fill  physiologische  Chemie,  1903, 
xndx,  pp.  81-94. 
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with  add  it  is  converted  into  amino-adds.  Levene  and  Bcatty' 
state  that,  even  after  boiling  gelatin  with  25  per  cent  sulphuric  add 
for  twelve  hours,  substances  of  peptide  character  still  remain.  More 
recently  Abderhalden  and  Brahm  *  obtained  from  silk  an  even  more 
resistant  product  than  that  which  we  obtained  from  gliadin,  for  this 
could  be  converted  into  amino-adds  only  by  heating  with  alkalies. 

Another  long  known  example  is  antialbumid,  for,  according  to  our 
present  knowledge  of  protein  hydrolysisj  this  cannot  be  anything 
else  than  a  resistant  combination  of  amino-adds,  the  true  character 
of  which  has  not  heretofore  been  recognized.'  We  thus  have  evidence 
that  many  different  products  which  are  insdubk  in  add  and  are 
difficult  to  decompose  may  be  formed  during  the  process  of  hydro- 
lyzing  a  protein. 

That  combinations  of  amino-adds  easily  soluble  in  adds  may 
occur,  which  are  very  resistant  to  hydrolysis,  is  shown  by  the  beha\ior 
of  the  prolyl-phenylalanine  which  Osborne  and  Clapp  isolated  from 
the  products  obtained  by  heating  gliadin  for  six  hours  on  the  water- 
bath  and  then  boiling  for  thirteen  hours  in  an  oil-bath  with  25  per 
cent  sulphuric  add. 

As  many  polypeptides  give  no  biuret  reaction,  the  failure  of  this 
test,  when  applied  to  the  solution,  or  to  the  insoluble  substance  which 
results  after  boiling  with  strong  acids,  is  by  no  means  a  guarantee 
that  the  hydrolysis  has  been  complete. 

It  is  thus  evident  that  loss  may  occur  in  the  protein  analysis  throu^ 
incomplete  hydrolysis,  and  that  at  present  we  have  no  means  for 
ascertaining  when  this  process  has  been  carried  to  its  end. 

The  only  way  in  which  such  losses  can  be  reduced,  if  not  certainly 
avoided,  is  by  boiling  with  adds  for  a  much  longer  time  than  has 
heretofore  been  the  practice. 

As  our  present  experience  shows  that  sulphuric  add  is  a  less  ener- 
getic hydrolytic  agent  than  hydrochloric,  the  latter  should  always  be 
used  when  maximum  yields  are  desired. 

■  Levenx  and  Beatxy:  Zeitschiift  fttr  physiologische  Cbemie,  1906,  xlii,  p. 
347- 

<  Abdekbalden  and  Brahu:  Zdtschrift  fUr  physiologische  Chemic,  1909, 
lii,  p.  as6- 

*  Cf,  Chittenden  and  Albro:  This  journal,  1899,  U,  p.  391. 
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The  facts  just  stated  make  it  probable  that  more  or  less  of  the 
deficiency  of  such  protein  analyses,  as  have  heretofore  been  made, 
may  have  been  caused  by  incomplete  hydrolysis. 


2.  Formation  of  Melanin  or  Bumin. 

It  has  long  been  known  that  a  small  amount  of  a  black  .amorphous 
product,  which  is  insoluble  in  the  acid  solution,  is  formed  from  pro- 
teins by  the  prolonged  action  of  hot  adds.  This  substance  has  been 
the  subject  of  study,  as  it  has  been  supposed  to  have  relations  with 
some  of  the  black  coloring  matters  occurring  in  nature  which  are 
known  as  melanins.* 

There  can  be  no  doubt  that  this  substance  is  a  mixture  of  secondary 
decomposition  products  formed  from  different  constituents  of  the 
protein  by  the  action  of  acids,  for  some  of  these,  such  as  tryptophane, 
histidine,  and  carbohydrates,  are  known  to  yield  colored  products 
under  such  conditions.  That  the  "  melanin "  originates  chiefly 
from  these  substances  is  indicated  by  the  fact  that  zein,  which  gives 
no  reaction  for  tryptophane  or  carbohydrate,  and  yields  only  a  very 
small  amount  of  histidine,  gives  rise  to  the  merest  trace  of  humin 
when  subjected  to  prolonged  hydrolysis  with  acids. 

In  view  of  what  has  just  been  stated  it  is  clear  that  the  so-called 
melanin,  which  results  by  acid  hydrolysis  from  proteins,  has  a  very 
remote  relation,  if  any,  to  the  naturally  occurring  black  pigments  to 
which  the  name  melanin  was£rst  applied,  and  that  it  would  be  much 
better  to  return  to  the  older  and  more  indefinite  name  of  humin  or 
humus. 

The  amount  of  humin  which  separates  as  a  flocculent  residue  from 
the  hydrolysis  solution  of  proteins  seems  to  differ  not  only  with  the 
protein  but  also  with  the  conditions  of  hydrolysis.  In  general  it 
forms  from  i  to  3  per  cent  of  the  protein,  but  accurate  data  are  not 
yet  available. 

As  the  insoluble  humin  is  a  product  of  secondary  decomposition  of 

*  Cf.  ScmoEDEBEBG:  Ardiiv  fUt  experimentelle  Pathologie  und  Phannako- 
logie,  1897,  xsxji,  p.  65;  also  Chjttenden  and  Albro:  This  jounuU,  1899,  ii,  p. 
391;  also  SAUUELy:  Beitiftge  zur  cbemiscben  Pbysiologie  und  Pathologie,  1902, 
ii,  p.  355- 
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constituents  of  the  protein  it  is  certain  that  the  quantity  of  the  sub- 
stances from  which  it  originates  is  greater  than  that  of  the  humin 
itself.  How  much  substance  also  contributes  to  the  iormation  of 
the  soluble  coloring  matters,  which  always  darken  the  hydrolj-sis 
solution,  cannot  be  even  approximately  estimated. 

It  is  evident  that  a  loss  is  thus  caused  in  the  analysis  which  m 
most  cases  must  amount  to  at  least  several  per  cent  of  the  protdn 
analyzed. 

SEPAHAnON  OF   GLtJTAMINlC  ACID. 

It  seems  to  be  generally  assumed  that  glutaminic  add  can  be 
determined  with  considerable  accuracy,  and  the  results  of  such  de- 
terminations have  been  used  many  times  for  comparing  protdns 
with  one  another  and  for  detecting  changes  in  them  under  various 
conditions. 

Our  experience  has  shown  us  that  much  uncertainty  still  attaches 
to  these  determinations,  especially  in  the  case  of  some  of  the  proteins 
which  have  been  already  analyzed. 

As  no  means  are  available  for  directly  proving  the  completeness 
of  the  separation,  conclusions  can  be  based  only  on  indirect  and  un- 
convincing evidence.  That  agreement  between  two  or  more  deter- 
minations is  not  to  be  accepted  as  indicating  a  complete  separation, 
has  been  repeatedly  shown  by  our  experience.  Thus  several  deter- 
minations of  glutaminic  acid  in  zeln,  which  in  each  case  yielded 
approximately  i8  per  cent,  were  later  found  to  be  at  least  8  per  cent 
too  low,  for  a  reason  that  will  soon  be  given.  Similarly,  while  Osborne 
and  Gilbert '  formerly  isolated  from  edestin  14  per  cent  of  glutaminic 
acid,  and  Abderhalden  14.5  (communicated  to  the  writer  by  letter), 
it  has  been  shown  in  a  previous  paper  ^  that  at  least  18.74  per  cent 
is  yielded  by  this  protein. 

On  the  other  hand,  as  previously  pointed  out '  in  the  case  of  gUadin, 
by  applying  the  ester  method  to  the  solution  from  which  the  greater 
part  of  the  glutaminic  acid  had  been  separated  as  hydrochloride,  a 

'  Osborne  and  Gilbert:  This  journal,  1906,  xv,  pp.  333-356. 

'  Osborne  and  Liddle:  This  journal,  igto,  xxvi,  p.  395. 

*  OsBOSNE,  Leavenwortb  and  Bkautlecqi:  This  journal,  1908,  zxiii,  p. 
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further  quantity  was  obtained,  which  agreed  almost  exactly  with  the 
largest  previously  obtained  by  direct  separation  as  hydrochloride, 
and  it  was  concluded  that,  in  this  case,  the  result  was  probably  very 
nearly  correct.  We  have,  however,  since  isolated,  after  thirty-eight 
and  one-half  hours  hydrolysis,  42.98  per  cent,  or  5.48  per  cent  more 
than  the  highest  result  previously  obtained  after  about  eighteen 
hours  hydrolysis. 

Similarly  after  thirty-eight  and  one-half  hours  hydrolyas  we  have 
also  obtained,  by  direct  separation  as  hydrochloride,  much  higher 
results  for  rye  gliadin  and  hordeia,  than  formerly  after  fifteen  to 
eighteen  hours  hydrolysis,  namely,  rye  gliadin  37.8  per  cent,  and 
hordein  43.19  per  cent,  instead  of  33.81  per  cent  and  36.35  per  cent 
respectively. 

Whether  our  higher  results  were  actually  due  to  the  longer  hydrol- 
ysis, or  to  more  experience  in  conducting  the  process  of  separation 
than  when  the  earlier  determinations  were  made,  is  not  wholly  clear. 
In  the  case  of  hordein  the  longer  hydrolysis  may  not  have  contributed 
to  the  higher  result,  for  Kleinschmitt,'"  who  boiled  his  solution  for 
only  five  hours,  obtained  almost  as  much  as  we  did  after  thirty-eight 
and  one-half  hours,  namely  41.32  per  cent.  It  is  possible  that  the 
difference  between  the  earlier  and  the  present  result  is  due  to  the 
fact  that,  in  the  first  determination,  ammonia  was  removed  by  treat- 
ing the  solution  of  the  glutaminic  acid  hydrochloride  with  an  excess 
of  baryta,  and  passing  carbonic  acid  through  the  solution  for  some 
time.  Under  these  conditions  any  barium  glutaminate  that  had  sepa- 
rated may  have  been  filtered  out  with  the  barium  carbonate  and 
lost,  for  at  the  time  this  determination  was  made  the  danger  of  such 
a  loss  was  not  recogiuzed.  This  criticism  does  not  apply  to  the  other 
determinations,  as  ammonia  was  removed  from  the  glutaminic  acid 
hydrochloride  in  the  above  way  only  in  the  case  of  hordein. 

Losses  may  also  occur  through  incomplete  crystallization  of  the 
glutaminic  acid  hydrochloride,  and  may  not  be  recognized  unless 
the  solution  is  afterwards  esterified,  and  the  esters  and  distillation 
residue  carefully  examined  for  glutaminic  acid.  No  result  can,  there- 
fore, be  accepted  as  probably  showing  the  approximate  quantity  of 

•*  Kleinschhttt:  Zeitschritt  far  physiologische  Chemie,  1907,  liv,  pp.  iio- 
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glutaminic  add  yielded  by  any  protein,  until  it  has  been  controlled  by 
the  ester  method. 

There  are  some  proteins  from  which,  as  has  already  been  pointed 
out  in  papers  from  this  laboratory,  the  glutaminic  acid  can  be  ob- 
tained only  with  great  difficulty,  for  they  seem  to  yield  a  combination 
of  amino-acids  which  prevents  the  separation  of  a  large  part  of  the 
glutaminic  acid  hydrochloride.  In  such  cases  it  is  difficult  to  obtain 
uniform  results,  since  the  separation  of  the  hydrochloride  depends  on 
a  proper  adjustment  of  conditions,  which  can  only  be  obtained  by 
accident. 

Thus  Osborne  and  Gilbert,"  after  repeated  trials,  isolated  from 
wheat  leucosin  a  maximum  of  5.73  per  cent  of  glutaminic  add,  whereas 
Osborne  and  Clapp  ^  obtained  from  a  much  larger  quantity  of  this 
protein  3.85  per  cent  by  direct  separation  and  2.88  per  cent  more 
from  the  esters,  making  in  aJl  6.73  per  cent. 

From  pea  legumelin  Osborne  and  Heyl"  obtained  10.52  per  cent 
of  glutaminic  add  as  the  hydrochloride,  and  2.44  per  cent  more  from 
the  esters,  a  total  of  12.96  per  cent,  whereas  a  separate,  direct  deter- 
mination, carried  out  with  espedal  care  and  with  the  expectation  of 
obtaining  a  larger  yield,  gave  only  5.76  per  cent  of  glutaminic  add. 

Some  of  the  other  proteins  from  leguminous  seeds  present  similar 
difficulties,  and  it  is  still  uncertain  just  how  much  glutaminic  add  is 
actually  yielded  by  them.  Whether  or  not  this  trouble  is  caused,  in 
part  or  in  whole,  by  the  character  of  the  other  decomposition  products, 
or  by  incomplete  hydrolysis,  remains  to  be  shown  by  further  study. 

As  already  stated,  it  is  difficult  to  obtain  satisfactory  determina- 
tions of  glutaminic  add  for  zein,  the  reason  for  which,  has  been  found 
in  the  unusually  large  amount  of  leucine  yielded  by  this  protein. 
When  the  hydrolysis  soluUon  is  saturated  with  hydrochloric  add 
and  cooled  with  ice  it  solidifies  completely,  and  no  point  can  be  found 
at  which  the  glutaminic  add  hydrochloride  separates,  leaving  the 
other  amino-acids  in  solution.  In  one  case  we  obtained  a  separation 
of  hydrochlorides  which,  if  all  were  glutaminic  add  hydrochloride, 
would  be  equal  to  over  30  per  cent  of  the  zein.    Examination  of  this 

"  OsBOR>iE  and  Gilbert:  This  journal,  1906,  xv,  pp.  333-356. 

"  OsBOKME  and  Clapp:  Ibid.,  1906,  xvii,  pp.  331-165. 

"  OsBOKN'E  and  Hevl:  Jounial  of  biological  chemistry,  1908,  v,  pp.  197-305. 
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showed  it  to  contain  a  large  proportion  of  leucine  hydrochloride  from 
which  the  glutaminic  acid  was  separated  with  great  difficulty.  Al- 
though by  repredpitation  with  hydrochloric  acid  a  large  part  could 
easily  be  separated  pure,  the  leucine  prevented  complete  crystalliza' 
tion,  so  that  it  was  necessary  to  convert  the  mixture  contained  in 
the  mother  liquor  into  the  free  amino-acids  and  the  glutaminic  acid 
into  its  acid  sodium  salt  by  neutralizing  to  litmus,  and  then  to  allow 
the  free  leucine  to  crystallize  out.  When  leucine  had  thus  been 
separated,  a  further  quantity  of  glutaminic  add  was  isolated  as  the 
hydrochloride.  That  leucine  hydrochloride  may  thus  crystallize 
together  with  glutaminic  acid  hydrochloride  does  not  appear  to 
have  been  before  recognized. 

ESTERTFICATION. 

If  only  75  per  cent  of  the  amino-acids  are  converted  into  esters  at 
each  operation,  the  proportion  remaining  unesterified  after  the  second 
operation  would  fonn  only  6.25  per  cent  of  the  araino-adds  originally 
present.  As  usually  40  to  50  per  cent  of  the  decomposition  products 
of  the  proteins  are  obtained  otherwise  than  through  their  esters,  the 
total  losses  arising  from  incomplete  esterification  need  not  neces- 
sarily be  great. 

That  in  practice  the  esterification  is  as  complete  as  here  assumed, 
is  indicated  by  the  small  amount  of  amino-adds  which  have  been 
recovered  after  removing  the  esters  formed  by  a  second  esterification. 
In  the  several  cases  in  which  we  have  weighed  these  adds  about  6 
per  cent  of  the  protein  was  thus  recovered.  Since  mechanical  losses 
of  not  inconsiderable  extent  are  involved  in  the  process  employed  in 
separating  these  unesterified  adds,  the  esterihcation  is  in  fact  not  as 
complete  as  indicated  by  the  amount  of  unesterified  acids  which  are 
recovered. 

The  conditions  under  which  the  water  formed  during  the  process 
of  esterifying  by  Fischer's  method  is  removed,  are  such,  that  there  is 
great  danger  of  decompoang  esters  already  formed,  unless  suffident 
alcohol  is  added  to  carry  off  with  its  vapors  all  of  the  water  present. 
If  this  is  not  the  case  the  solution,  during  evaporation,  becomes 
gradually  richer  in  water  and  consequently  more  or  less  of  the  esters 
may  be  decomposed. 
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As  it  is  difficult  to  provide  with  certainty  against  this  danger,  it  is 
possible  that,  in  many  cases,  losses  have  arisen  from  this  cause  whidi 
have  contributed  to  the  low  summation  of  many  of  the  analyses 
heretofore  made.  This  danger  can  be  easily  avoided  by  emplo>Ti^ 
the  method  used  by  Phelps  and  Tillotson  for  esterifying  organic 
acids,  for  by  this  process  the  water  is  constantly  removed  as  fast  as 
it  is  formed  and,  theoretically,  a  maximum  yield  of  esters  should  be 
sooner  obtained  than  by  Fischer's  method.  That  a  higher  yield  of 
esters  otn  be  obtained  by  Phelps  and  Tillotson's  method,  is  indicated 
by  a  comparison  of  the  analyses  of  zein  made  by  these  two  methods, 
which  have  recently  been  described  in  a  paper  from  this  laboratory-,  "■* 

This  comparison  indicates  that  a  part  of  the  deficiency  of  pre- 
viously made  protein  analyses  is  to  be  attributed  to  incomplete 
esterification,  but  to  what  extent,  cannot  be  determined  from  the  data 
now  available. 

Losses  also  occur  from  incomplete  extraction  of  the  liberated  esters 
when  these  are  shaken  out  with  ether,  but  these  are  reduced  to  a 
comparatively  small  amount  if  care  is  taken  when  extracting  the 
much  smaller'  quantity  of  material  which  remains  after  the  second 
esterification.  Losses  may  also  occur,  and  sometimes  doubtless 
have  occurred,  during  the  drying  of  the  esters  over  sodium  sulphate, 
for  we  have  recently  found  that  the  sodium  sulphate,  after  carefully 
washing  with  ether,  in  some  cases  contained  a  notable  quantity  of 
nitrogen  while  in  other  cases  it  contained  none. 

Whether  or  not  any  of  the  esters  of  the  mono-amino-adds  con- 
tributed to  the  nitrogen  thus  found  has  not  yet  been  determined. 
The  possibility  of  a  loss  during  this  process  is  one  that  should  not  be 
overlooked  and  deserves  further  study. 

Losses  of  considerable  magnitude  take  place  in  removing  the 
ether  from  the  esters  previous  to  distillation  under  diminished  pres- 
sure. That  glycocoll  ester  is  carried  over  with  the  ether  has  been 
known  for  a  long  time  and  it  is  the  usual  practice  to  recover  this  from 
the  distilled  ether  but  that  other  esters  are  also  carried  over  in  con- 
siderable quantity  does  not  appear  to  have  been  generally  recognized, 
although  Fischer  has  stated  that  a  little  alanine  might  be  thus  lost 

In  a  recent  paper  "  from  the  laboratory  such  data  as  have  been  thus 

"•  Osborne  and  Jones:  This  journal,  1910,  xxvi,  p.  aia. 
"  Osborne  and  LmoLE:   This  journal,  1910,  sxvi,  p.  agj- 
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far  obtained  are  given  and  it  was  shown  that  the  amount  of  alanine, 
as  well  as  other  amino-acids,  thus  lost  was  relatively  considerable. 

The  Actual  Extent  op  the  Losses  mcuiutED 
IN  Analyzing  a  Pkotein. 

From  a  consideration  of  all  of  the  facts  thus  set  forth  it  is  clear 
that  many  causes  of  loss  are  connected  with  our  present  methods  of 
analyzing  the  products  of  protein  hydrolysis.  We  have  consequently 
endeavored  to  obtain  more  definite  information  on  this  question, 
first  by  analyzing  a  protein  with  especial  reference  to  securing  as 
high  results  as  possible  and  to  gaining  further  knowledge  of  the 
amount  and  character  of  those  products  which  cannot  be  separated 
into  definite  substances  and,  second,  by  analyzing  by  the  same  method 
and  with  the  same  care  a  mixture  of  pure  amlno-acids  made  in  the 
same  proportion  as  found  in  the  protein  analyzed. 

The  Analysis  of  the  Protein. 

The  protein  selected  for  this  analysis  was  zein  because  it  yields  no 
tryptophane  or  carbohydrate,  neither  of  which  can  be  quantitatively 
determined  in  the  mixture  of  decomposition  products  with  any  ap- 
proach to  accuracy.  It-  furthermore  yields  no  lydne  and  less  arginine 
and  histidine  than  any  other  known  protein  and  as  it  therefore  yields 
a  correspondingly  lai^er  proportion  of  mono-amino-acids  it  is  well 
suited  for  our  present  purposes. 

The  results  of  this  analysis  have  already  been  published  in  a  recent 
paper  '^  in  which  will  be  found  a  detailed  account  of  the  conditions 
tmder  which  the  analysis  was  conducted.  These,  therefore,  need  not 
be  repeated  here,  for  it  is  our  present  intention  to  consider  the  proba- 
ble quantity  of  the  recognized  decomposition  products  originally 
yielded  by  the  zein,  and  thus  obtain  some  idea  of  the  probable  amount 
of  products  of  still  unknown  nature  which  this  protein  yields. 

In  this  analysis  of  zein  we  isolated  at  the  outset  135  gm.  of  crude 
hydrochlorides  which  contained  13.23  gm.  of  ammonium  chloride. 
Deducting  this  latter  we  have  isi.yS  gm.  of  substance  which  con- 
sisted chiefly  of  glutanfinic  add  hydrochloride,  together  with  a  little 
"  Osborne  and  Jones:  This  journal,  1910,  xxvi,  p.  ai2. 
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leucine  hydrochloride.  It  will  not  involve  any  serious  error  to  assume 
that  80  per  cent  of  amino-acids  were  present  in  this  121.78  gm,  of 
substance,  or  97.43  gm.  Arginine,  histidine  and  ammonia  were  not 
included  in  any  of  the  weighed  fractions  derived  from  the  esters  un- 
less, possibly,  the  distillation  residues  may  have  contained  a  small 
amount  of  them.  Their  absence  from  this  residue  may,  however,  for 
our  present  purposes,  be  assumed.  On  the  basis  of  these  assumptions 
we  have  the  figures  given  in  the  following  table. 

The  Products  of  Hydrolysis  01  367.35  gbahs  or  Zem. 


Substances  taken. 

Calculated. 

As  free 
amino-acids. 

As  radicals  in 
pq>tide  union. 

Free  amino-adds,  cbieBy  glutami^ic  add. 

97.42 
33.12 
63.47 
33.20 
22.95 
6J5 

74.22 
27.26 
54.76 
28.01 
20.45 

4.63 
17.62 

3.12 
11.70 

4.46 

2.66 
12.58 
11.02 
13.70 
28.90 

Proline 

Asputicacid 

Serine 

Tyrosine 

Arginine 

HisUdine 

3.76 
13.00 
4.96 
3.01 
13.37 
12.96 
16.12 

Ammonia 

Un<!isUiW     residues,     cWefly    dea>mposiUon 

Total 

3S1.04 

315.09 

The  total  weight  of  the  recovered  products,  which  is  given  in  the 
first  column,  is  greater  than  that  of  the  zein  hydrolyzed,  because  free 
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amino-adds  were  weighed,  whereas,  within  the  protein  these  were 
combined  with  one  another  as  radicals,  probably  in  peptide  union. 
We  therefore  give  in  the  second  column  the  calculated  weights  of 
these  radicals,  those  for  the  dibasic  acids  being  also  calculated  as 
combined  through  one  carboxyl  group  with  ammonia. 

The  quantity  of  unidentified  amino-adds  found  in  the  "Unes- 
terified  residue"  and  also  in  the  "Crystalline  mixtures"  is  estimated 
on  the  assumption  that  80  per  cent  of  their  quantity  represents  ap- 
proximately the  weight  of  the  corresponding  radicals  originally  con- 
tained in  the  zeia.  We  have  but  httle  definite  information  as  to  the 
nature  of  the  "Distillation  residues"  but  we  have  assumed  that  80 
per  cent  of  these  approximately  represents  the  weight  of  radicals 
from  which  they  originated. 

Such  a  calculation  of  course  must  not  be  considered  to  accurately 
represent  the  actual  proportion  of  the  several  radicals  contained  in 
the  zein,  for  it  is  based  on  assumptions  which,  although  supported  by 
indirect  evidence,  are  as  yet  by  no  means  proved.  The  sum  of  these 
figures  is,  however,  far  less  misleading  in  estimating  the  probable 
total  of  substances  accounted  for  in  this  analysis,  than  that  of  the 
free  amino-adds.  We,  therefore,  consider  ourselves  justified  in  mak- 
ing this  calculation,  as  it  is  our  purpose  to  indicate  approximately  the 
amount  of  substance  which  had  not  been  located  by  this  analysis. 

The  total  amount  of  the  367.35  gm.  of  zein  thus  located  is 
315.09  gm.  or  85.8  per  cent  of  the  zein.  Of  this  315.09  gm.,  24.72 
gm.  (ii.oa  +  13.70),  or  6.7  per  cent,  consists  of  mixtures  composed 
chiefly  of  the  above  enumerated  amino-adds  which  could  not  be 
separated,  and  28.9  gm.,  or  7.8  per  cent,  of  the  substances  which  con- 
stitute the  undistitled  residues.  We  thus  have  14.5  per  cent  of  the 
zein  as  substance  which  lias  not  been  positively  identified.  If  this 
14.5  per  cent  of  unidentified  substances  is  deducted  from  the  85.8 
per  cent  of  total  substances  weighed  and  located,  we  find  that  71.3 
per  cent  of  the  zein  has  been  actually  accounted  for  in  percentages 
of  definite  substances.  Of  the  28.7  per  cent  not  assigned  to  specific 
amino-adds,  6.7  per  cent  consists  of  crj'stalline  mixtures  of  products 
not  pure  enough  to  permit  of  their  strict  chemical  identification,  but 
which  were  unquestionably  mixtures  of  the  same  amino-adds  which 
had  been  identified  as  products  of  hydrolysis  of  zein.  We  thus  find 
that  at  least  78  per  cent  of  the  zein  consists  of  amino-adds,  which  are 
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now  known  to  be  decomposition  products  of  proteins;  thus  leaving 
only  22  per  cent  which  may  possibly  belong  to  substances  of  still 
unknown  nature. 

A  part  of  this  deficit  consists  of  substances  contained  in  the  esters 
distilling  over  with  the  higher  boiling  fraction  which  contains  the 
esters  of  phenylalanine,  aspartic  and  glutaminic  adds  and  serine. 
After  separating  these  anuno-acids  a  considerable  quantity  of  sub- 
stance always  remains,  from  which  serine  separates,  if  at  all,  slowly 
and  probably  very  incompletely.  That  this  substance  contains 
secondary  decomposition  products  of  the  esters  formed  during  dis- 
tillation, is  indicated  by  the  fact  that  the  esters  obtained  from  a  mix- 
ture containing  the  same  amino-acids,  and  in  the  same  proportion  as 
those  obtained  from  zein  (see  page  320)  yielded  a  corresponding  prod- 
uct in  approximately  the  same  amount.  Thus  33.17  gm.  of  the  esters 
from  this  mixture,  distilhng  between  105°  and  150°  at  0.6  mm., 
yielded  9.13  gm.  of  phenylalanine,  2,55  gm.  of  aspartic  acid,  and 
3.91  gm.  of  glutaminic  acid.  The  weight  of  the  es!ters  corresponding 
to  these  amino-acids  is  17.53  g™-t  leaving  15.64  gm.  or  4.8  per  cent 
of  the  mixture  unaccounted  for. 

In  the  analysis  of  zein  a  fraction  of  the  esters  distilling  between 
105°  and  150°  weighed  50.56  gm.  This  yielded  17.95  i™-  o^  pheny- 
lalanine, 8.99  gm.  of  glutaminic  acid,  and  3.25  gm.  of  aspartic  add. 
equal  to  35.25  gm.  of  esters,  thus  leaving  15.31  gm.  or  4.2  per  cent  of 
the  zein  unaccounted  for.  Similar  products  have  been  obtained  from 
the  esters  of  all  the  proteins  analyzed,  and  it  has  always  seemed  pos^- 
ble  that  some  new  protein  decomposition  product  would  be  sooner 
or  later  separated  from  this  substance.  A  little  serine  can  commonly 
be  separated  from  it,  and  it  is  possible  that  a  part  of  this  product  ob- 
tained from  zein  may  have  been  serine  ester,  but  as  the  mixture  of 
amino-acids  contained  only  2  gm.  of  serine,  this  could  have  contrib- 
uted but  little  to  the  total  of  15.64  gm. 

The  total  amount  of  this  unidentified  substance  in  the  analysis  of 
zein  can  be  estimated  as  follows.  The  distillate  obtained  above  105° 
weighed  95.27  gm.  The  weight  of  the  esters  corresponding  to  the 
free  adds  isolated  from  these  esters  was  68.94  gm.  leaving  a  difference 
of  26.23  gi"-  <^^  the  distillate  to  be  accounted  for,  or.  7.14  per  cent  of 
the  zein.  Assuming  that  at  the  most  80  per  cent  of  this  was  originally 
contained  in  the  zein  we  have  21.06  gm.  or  5.7  per  cent  of  the  zein. 
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We  therefore  have  one-fourth  of  the  22  per  cent  deficit  located  in 
this  undetermined  part  of  the  upper  fractions.  Of  the  remaining 
16.3  per  cent  a  part  is  doubtless  to  be  assigned  to  cystine,  but  if  all 
the  sulphur  of  zein  orginally  belongs  to  a  cystine  complex,  this  could 
not  exceed  2.5  per  cent.  That  a  part  of  the  unknown  substance  of 
the  upper  fraction  may  be  derived  from  decomposition  of  cystine  is 
indicated  by  the  fact  that  sulphur  compounds  are  frequently  present 
in  the  decomposition  products  condensed  by  liquid  air  during  the 
distillation  of  the  upper  fractions,  and  in  that  case  a  deduction  for 
cystine  based  on  the  sulphur  content  of  the  protein  cannot  be  made 
without  counting  at  least  a  part  of  the  cystine  twice. 

A  further  part  of  this  16.3  per  cent  of  unidentified  substance  is 
contained  in  the  distillation  residues  which  in  this  analysis  weighed 
34  gm.,  equal  to  nearly  10  per  cent  of  the  zein.  Little  is  known  of 
the  real  nature  of  this  residue,  but  from  the  fact  that  alcohol  is 
evolved  in  considerable  quantity  during  the  distillation  it  seems  highly 
probable  that  a  not  inconsiderable  part  consists  of  condensation 
products  of  the  esters  due  to  loss  of  alcoho)  during  the  distillation. 
That  this  is  the  case  is  evidenced  by  the  formation  of  similar  residues 
during  the  distillation  of  the  esters  made  from  the  pure  atnino-adds, 
as  will  soon  be  shown.  How  large  a  part  of  these  residues  are  thus 
formed  cannot  be  definitely  stated,  for  a  part  of  the  alcohol  which 
first  comes  over  undoubtedly  is  alcohol  retained  by  the  esters,  and 
not  Uberated  by  condensation  of  the  esters.  The  not  inconsiderable 
quantity  of  alcohol  coming  off  during  the  later  stages  of  the  dis- 
tillation, however,  without  question,  results  from  the  latter  cause, 
and  indicates  a  considerable  loss  of  amino-adds  which  are  already 
known  to  be  products  of  hydrolysis  of  the  protein. 

If  the  amount  of  nitrogen  contained  in  the  different  radicab  given 
in  the  second  column  of  the  table  is  calculated,  that  in  the  substances 
of  unknown  nature  being  assumed  to  be  12  per  cent,  or  the  same  as  in 
the  leucine  radical,  w§  find  that  51.05  gm.  or  86.8  per  cent  of  the 
total  is  thus  accounted  for,  or  approximately  the  same  proportion  of 
the  total  protein  as  is  accounted  for  by  the  products  enumerated  in 
the  table.  As  52.26  gm.  of  the  zdn  and  7.73  gm.  of  the  nitrogen  is 
thus  unaccounted  for,  the  mean  nitrogen  content  of  the  unaccounted 
for  part  is  14.8  per  cent. 
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Analysis  of  the  Mixture  of  Amdjo-Acids. 
The  next  question  that  naturally  suggests  itself  is,  how  great  is 
the  actual  yield  when  a  mixture  of  weighed  quantities  of  these  same 
anuDO-adds  is  subjected  to  the  same  treatment?    As  an  answer  to 
this  question  would  shed  much  light  on  the  probable  quantity  of  the 
different  mono-amino-adds   which   are  actually  contained   in   the 
hydrolysis  solution,  we  made  a  mixture  of  the  different  amino-adds 
in  approximately  the  same  amount  as  we  obtained  them  from  zein. 
The  amino-acids  used  in  this  mixture  were  very  carefully  prepared 
and  then  subjected  to  a  rigid  test  for  their  purity. 
McmntE  or  Awno-acids  Analyzed. 
Gtutaminic  add  hydrochloride  150.0  gm.  <-  130.0  gm.  (lee  add 


16.0   •'     "      " 

Valine 

4.0   "     "      " 

Leucine 

85.0   "     "      " 

Proline  ethyl  ester 

38.6 gm.-    31.0   "     "      " 

Aspanic  acid 

6.0  "     "      " 

PhenyUlanine  hydrochloride 

31.7  gm.  -     26.0   "     "       " 

Tyiowne 

16.0    "     "       " 

Arginine  methyl  ester  hydrochloride 

8.2  gm.  -     5.5    "     "      " 

Serine 

2.0  "     "      " 

Histidine  dIcUoride 

3.0  gm.  -     2.0  "     "      " 

45.0  gm.  -    14.3  NH, 

Total 

326.0  gm. 

This  mixture  was  dissolved  in  dilute  hydrochloric  add  by  heating 
on  a  water-bath,  and  the  solution  then  evaporated  at  a  low  pressure 
and  temperature  till  crystallization  began.  Alcohol  was  then  grad- 
ually added,  and  the  evaporation  continued  until  almost  all  the  water 
was  removed,  and  the  hydrochlorides  of  the  adds  were  dissolved  in 
strong  alcohol. 

Tirat  •■teiiflcatlon.  —  The  solution  of  the  hydrochlorides  of  the 
amino-adds  was  evaporated  to  a  thick  syrup  under  strongly  dimio- 
ished  pressure,  20  c.c.  of  alcohol  saturated  with  hydrochloric  add 
added,  and  35  gm.  of  zinc  chloride.  The  vapors  of  1800  c.c.  of  abso- 
lute alcohol  containing  36  c.c.  of  alcoholic  hydrochloric  add  were 
then  passed  through  the  solution  for  five  hours,  during  which  time 
the  mixture  was  kept  at  103"  to  107°, 

The  esters  were  liberated  with  sodium  hydroxide  and  potasaum 
carbonate  in  the  usual  way,  and  their  solution  in  ether  was  dried  over 
sodium  siJphate  for  one  week.    After  removing  the  ether  by  dbtiUi- 
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tion  at  atmospheric  pressure  the  esters  which  remained  weighed  358 
gm.  equal  to  79  per  cent  of  the  mixture. 


The  esters 

were  distilled  as  follows: 

FrMtion. 

Temp,  of  balh  up  to 

Pressure. 

Wdght. 

1(a) 

so- 

0.7  mm. 

58.65  gm. 

(6) 

los- 

0.55    " 

42j08   " 
13.00  " 

II 

150° 
Condensed  by  liquid  air 

0.6   mm. 

26.00  " 
15.00   " 

DUl 

Distillation  residue 

93.00  " 

T 

247.73  gm. 

The  distillation  of  these  esters  proceeded  throughout  in  the  manner 
characteristic  of  the  esters  obtained  from  the  products  of  hydrolysis 
of  proteins.  At  a  temperature  of  about  1 20°  of  the  oU-bath,  evidence 
of  more  or  less  decomposition  appeared  in  the  form  of  vapors,  which 
were  condensed  by  the  liquid  air  in  just  the  same  way  as  we  have 
usually  observed  when  distilling  the  esters  from  proteins. 

The  undistillcd  residue  presented  to  the  eye  all  the  characteristics 
of  such  residues,  and  its  subsequent  examination  indicated  no  un- 
usual properties. 

rnctlon  I,  together  with  the  products  condensed  by  liquid  air, 
was  saponified  by  boiling  with  water  in  the  usual  way,  and  the  solu- 
tion evaporated  to  a  crystalline  residue,  which  was  freed  from  water 
by  repeated  evaporation  with  absolute  alcohol  under  diminished 
pressure,  and  then  extracted  with  absolute  alcohol  until  all  the  pro- 
line was  removed. 

The  amino-adds  insoluble  in  alcohol  weighed  63.3  gm.,  and  by 
fractional  crystallization  yielded  53.18  gm.  of  leucine,  7.34  gm.  ala- 
nine, and  1.40  gm.  of  valine;  the  loss  in  undetermined  mixtures  being 
1.38  gm.    The  leucine  and  valine  were  separated  by  the  lead  salts. 

The  alcoholic  extract  was  freed  from  all  substances  not  readily 
soluble  in  absolute  alcohol,  and  the  dissolved  proline  converted  into 
the  copper  salt.  Of  the  1-proline,  14.82  gm.  were  obtained,  and  of 
the  r-proline  4,72  gm. 

Tnctina  U,  by  the  customary  treatment,  yielded  7.37  gm.  of  pheny- 
lalanine, 2.55  gm.  of  aspartic  acid,  and  3.93  gm.  of  glutaminic  add. 
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A  syrupy  residue  remained  from  which  nothing  definite  could  be 
isolated.  After  long  drying  over  sulphuric  acid  this  weighed  5.8S 
gm.,  and  contained  0.4557  g™-  nitrogen,  of  which  0.0490  gm.  was  as 
ammonia. 

The  distillation  residue  was  treated  with  five  volumes  of  water, 
and  shaken  out  with  ether  in  the  same  way  as  Fraction  II.  From  the 
ether  solution  0.74  gm.  of  an  ill-defined  resinous  substance  was  iso- 
lated and  8.27  gm.  of  phenylalanine.  The  aqueous  solution,  when 
saponified  with  baryta  yielded  7.56  gm  of  tyrosine,  47.18  gm,  of 
glutaminic  acid  and  a  syrup  which,  after  long  drying,  weighed  5.4 
gm.  and  contained  0.5110  gm.  nitrogen  of  which  0.0119  gm.  was  as 
ammonia.  We  thus  recovered  from  the  distillation  residue  63  gm. 
of  well  defined  products  which  are  equivalent  to  74.88  gm.  of  ester. 
This  leaves  18.12  gm.  of  substance  unaccounted  for  or  5.5  per  cent 
of  the  original  mixtures  of  amino-acids. 
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The  loss  of  la.ii  gm.  indicated  by  the  total  of  the  products  of  dis- 
tillation, is  chiefly  ether  which  was  not  condensed  at  the  beginning 
of  the  distillation. 

FrMUon  I,  together  with  the  substance  condensed  by  liquid  air,  was 
saponified  by  boiling  with  water,  the  solution  evaporated  to  dryness 
under  low  pressure,  and  the  residue  freed  from  water  by  evaporating 
several  times  with  absolute  alcohol.  The  residue  insoluble  in  alcohol 
weighed  17.77  g^-,  and  by  systematic  fractional  crystallization  yielded 
15.73  gm.  of  leucine,  0.24  gm.  of  valine  and  1.40  gm.  of  a  mixture 
from  which  no  definite  product  could  be  obtained.  As  this  contained 
49.4  per  cent  of  carbon  and  9.34  per  cent  of  hydrogen  it  doubtless 
contained  some  alanine.  The  total  losses  in  these  separations,  as  de- 
termined by  difference,  were  1.81  gm. 

The  alcoholic  extract  yielded  3.02  gm.  of  proline  which  was  weighed 
as  the  copper  salt. 

rnction  II  yielded  1.76  gm.  of  phenylalanine,  no  aspartic  add, 
0.98  gm.  of  glutaminic  acid,  and  a  syrup,  which,  after  long  drying 
over  sulphuric  acid,  weighed  3.47  gm.  and  contained  0.2121  gm.  of 
nitrogen  of  which  0.0098  gm.  was  as  ammonia. 

The  distillation  residue  was  treated  with  300  c.c,  of  water  and 
shaken  out  with  an  equal  volume  of  ether,  as  Fischer  directs  for  the 
treatment  of  esters  distilling  at  the  higher  temperatures.  From  the 
ether  solution  0.67  gm.  of  phenylalanine  was  obtained,  and  from  the 
aqueous  solution,  after  saponifying  with  baryta,  32.17  gm.  of  gluta- 
minic acid,  and  a  syrup  of  unknown  nature,  which  after  prolonged 
drying  weighed  6.33  gm.  and  contained  0.5900  gm.  of  nitrogen,  of 
which  0.0119  gm.  was  as  ammonia. 

The  esters  corresponding  to  the  phenylalanine  and  glutaminic  acid 
isolated  from  this  residue  correspond  to  40.31  gm.,  which  if  deducted 
from  the  weight  of  the  residue,  52  gm.,  leaves  11.69  gm.  or  3.6  per 
cent  of  the  total  weight  of  the  mixture  of  amino-acids. 

Adding  these  to  the  corresponding  quantities  obtained  from  the 
products  of  the  first  esterification,  we  have  a  total  of  29.81  gm.  of  un- 
identified substances  in  the  undistilled  residue,  or  9.1  per  cent  of  the 
original  mixture.  This  proportion  corresponds  closely  with  that 
obtained  from  the  esters  from  zein,  namely  34  gm.  or  9.2  per  cent. 

The  uteateilfled  aubsUncaB. — After  the  second  esterification  neariy  all 
the  inorganic  salts  were  removed  from  the  residue  by  repeated  evapo- 
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ration  with  alcoholic  hydrochloric  add.  The  solution  was  then 
largely  freed  from  hydrochloric  acid  by  diluting  with  water  and  evapo- 
rating several  times  under  diminished  pressure.  The  syrupy  residue 
was  then  dissolved  in  3000  c.c.  of  5  per  cent  sulphuric  acid,  and 
treated  with  a  solution  of  phosphotungstic  acid  as  long  as  a  precipitate 
formed,  which  was  filtered  off  the  next  day  and  decomposed  with 
baryta.  The  basic  amino-adds  were  then  determined  according  to 
the  method  of  Kossel  and  Patten  in  the  solution  freed  from  baryta 
and  sulphuric  add,  and  0.80  gm.  of  histidine  and  3.57  gm.  of  arginine 
found.  The  filtrate  from  the  phosphotungstic  add  predpitate  was 
freed  from  this  add,  and  also  from  sulphuric  add,  concentrated  to  a 
small  volume,  and  the  remaining  alkali-chlorides  removed  almost  com- 
pletely with  alcoholic  hydrochloric  acid.  The  rest  of  the  chlorine  was 
removed  with  silver  sulphate  and  the  solution  evaporated  to  dryness. 
The  crystalline  residue  weighed  8.0  gm.  By  fractional  crystallization 
this  yielded  0.41  gm.  tyrosine  and  0.46  gm.  leudne.  No  serine  or 
any  other  definite  substance  could  be  isolated  from  the  remainder. 

In  the  following  table  we  give  the  weights  of  the  different  amino- 
acids  obtained  from  each  esterification  and  the  percentage  of  each 
recovered. 

These  figures  show  plainly  that  by  our  present  methods  of  analyz- 
ing proteins,  relatively  large  losses  result,  and  leave  no  doubt  that 
much  of  the  defidt  of  the  analyses  heretofore  made,  consists  of  un- 
determined quantities  of  those  amino-adds  which  are  already  known 
to  be  decomposition  products  of  the  proteins. 

In  analyzing  this  mixture,  less  than  one  half  of  the  alanine  was  re- 
covered, which  is  probably  largely  due  to  losses  caused  by  volatiliza- 
tion of  the  ester  during  the  removal  of  the  ether.  Some  loss  also 
occurs  in  separating  the  free  alanine  in  a  condition  fit  to  weigh,  which 
is  chiefly  caused  by  its  great  solubility  in  water.  Loss  also  results 
through  incomplete  separation  from  valine,  as  we  have  no  method 
whereby  this  can  be  effected  sharply.  It  is  highly  probable  that  less 
than  half  the  alanine  actually  present  has  heretofore  been  isolated 
from  proteins,  except  from  those  which,  like  silk  fibroin,  yield  an  un- 
usually large  amount. 

The  proportion  of  valine  recovered  was  even  less  than  that  of 
alanine,  which  is  to  be  attributed,  in  part  at  least,  to  the  much  smaller 
quantity  present.     The  difficulties  presented  in  separating  valine 
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from  alanine  involve  losses  which,  in  this  case,  were  probably  suffi- 
cient to  account  for  a  considerable  part  of  the  deficiency.  The  loss 
incurred  in  separating  valine  from  leucine  was  relatively  small,  for 
this  separation  was  effected  by  the  lead  method  of  Levene  and  Van 
Slyke  which  yields  satisfactory  results.     Determinations  of  valine, 


SuxHATiON  OF  THE  Analysis  of  the  Mdctube  of  Puke  AmKO-Acms. 


Amino-aculs  taken. 


Recovered  from 


Recovered  from 


Esters      Esters      Total.      Esters.     EsUrs. 


Proline   . 

Pbenylalai 

Aq>artic  acid 

Glutamimc  acid 

TjTOMne 

Arginine 

H[stidine 

Ammonia 
Total 


4.00 
85.00 
31.00 
26.00 

6.00 
120.20 
16.00 

5,50 


0.00 

0.24 
16.18 

3.02 

2.43 

0.00 
33.15    ' 

0.41    I 

aoo  I 
0.00  I 
0.00    I 


69  J6 
22.56 
18.07 


45.88 
35.00 
62.56 
63.03 
60.16 
42.50 
41.76 
47.25 


64.91 
39.21 
0.00 


made  simply  by  fractional  crystallization,  are  unquestionably  far  too 
low,  and  are  to  be  regarded  as  merely  qualitative. 

The  proportion  of  leucine  which  we  recovered  was  greater  than 
that  of  any  of  the  other  amino-adds.  This  is  in  agreement  with  our 
earlier  experience  in  esterifying  leucine  alone,  for  we  recovered  88.8 
per  cent  of  the  original  quantity  after  a  single  treatment. 

In  our  three  analyses  of  zein  we  obtained  practically  the  same 
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amount  of  leucine  as  in  the  eaiiier  analysis  made  by  Osborne  and 
Clapp,  according  to  Fischer's  method  of  esterifj-ing.  It  is  probable 
that  the  proportion  of  leucine  heretofore  reported  from  such  pro- 
teins as  have  been  analyzed  by  the  ester  method,  in  most  cases, 
more  nearly  represents  the  quantity  actually  >-idded  by  them  than 
do  the  figures  gi\'en  for  any  of  the  other  mono-amino-adds  obtained 
from  the  esters.  The  loss  of  nearly  20  per  cent  of  the  leucine,  here 
shown,  is  probably  cluefiy  caused  by  decomposition  of  its  ester  dur- 
ing dtstBlation.  as  no  other  source  of  serious  loss  was  aj^iarent  during 
the  entire  process. 

The  percentage  of  proline  recovered  was  oeariy  as  great  as  that  of 
leucine,  Analj-^es,  in  which  Phelps  and  Tillotson's  method  of  esteri- 
6caU>.>n  was  used,  indicate  that  proline  is  more  easOy  esterined  in 
this  way  than  by  Fischer's  method,  for  in  each  of  three  anal>-3es, 
distinctly  mvre  was  found  than  in  the  earlier  analj^sis  of  Qfbome  and 
Clapp.  The  Kisses  which  occur,  in  thus  tsoiattng  proline,  are  probably 
Urijely  caused  by  a  partial  decorEpotfition  of  its  ester,  since  in  dis- 
tilling prv>Iine  ester  by  itseif,  w«  found  that  a  f>art  did  not  distil  o\-er, 
even  when  the  bath  was  at  a  blA  temperature  and  the  pressure  low. 
The  unviiftiLttrd  residue  wis  siiiulir  in  appearance  to  that  formed 
during  the  dis-iillition  of  the  esters  troai  a  protein. 

ll  his  jencrAlIy  been  ijsuned  that  the  aniount  ot  proline  repwted 
in  m-.'sl  ot  x.w  prv^tein  ara^>'^jes  is  tiv  Hzh  rather  than  too  low.  since 
it  t>  wry  i.!--',-\.uIt  to  serarite  ill  of  the  other  ami2i>aci(is  by  the 
cvth>,x.is  usv„i.""y  errj-ioyed.  The  resiilt  here  si^"en  indicates  that 
error*  tr\*.ni  this  #o<.:rve  do  3v't  C'cr.pe;:site  for  the  losses  which  occur 
t"r\*tn  othvc  oau^oj,  jLrj,l  th^t  lie  results  are.  if  azythizz.  too  low, 

v^i  tV  i->v— y-oiji-ir^e  privtxnily  7c  per  cent  was  reco^-^ered,  the 
;^-K*  prot''.iVI>   S.t-\g  ij.nr.'iy  cu..::<ed  hy  dAT:cpositioc  of  the  esters 

W  .A-vu-:  o;  j>^-j,7'-:i:  icic  t>j.:  wi*  recc^-ered  t;  less  than  one- 
V,t-,  01  '.'m:  dCCuAv  prvscct-  Thv-re  ire  =:i=y  w^iys  in  which  loss 
t*\i>  i.w.:-  :ii  ^'M-.i-.-'t;  a>i-jir'.x-  i-'.ii.  :  r  **.'n:e  Ezay  be  lost  through 
Ov\v;>;s.'^:\''>,  ot  iV'  t^z.Ts  :-i  c;:~;l."  -^.  ~ce:w  thr-:cj:':i  incomplete 
•vtivi!'  v.i.vit  *■■'■•  :'*v'  v,>r'"j:xr  ot  the  hi:  escer.  i3C  socse  chroo^ 
iNW'^^i.i.'  C'vnu"  -..r.vtt  01  ;"x'  ^vf'trer  suit,  whics  oc:en  separates 
\vi\  >;ov.'\  '.•vi'i  ^•..-■or's  c-r^tai ■•: 'a  .-Lher  iU-bstarares-  As  these 
•».>^;'v\'-L  ..-i  \-»  A'V  c"  ■vv",  ;o  i\<,'iii  .viTTpiecay. ;:  is  nx  strpctsiDg, 


Digitized  byGoOgIC 


Analyzing  the  Products  of  Protein  Hydrolysis.     327 

where  so  little  is  originally  present  as  in  this  mixture,  that  the  per- 
centage of  loss  should  be  as  large  as  it  is  here. 

In  considering  our  analysis  of  zein,  the  results  of  which  are  given 
on  page  316,  it  may  be  fairly  assumed  that  the  amount  of  tyrosine, 
^rginine,  histidine  and  ammonia  are  stated  very  neariy  correctly. 
In  regard  to  the  accuracy  of  the  figures  for  serine  we  know  nothing 
whatever,  but  we  have  no  conclusive  evidence  to  show  that  any  con- 
siderable quantity  was  not  isolated. 

The  part  of  the  gtutaminic  acid  which  was  not  separated  as  hydro- 
chloride was  subsequently  largely  obtained  from  the  ester,  and  it 
may  be  assumed  that  the  loss  involved  in  separating  this  latter  part, 
was  at  least  as  great,  proportionally,  as  in  the  analysis  of  the  known 
mixture  of  amino-adds.  Assuming  this  to  be  true,  and  that  the 
losses  in  separating  alanine,  valine,  leucine,  prdine,  phenylalanine 
and  aspartic  add,  were  proportionally  the  same  as  in  our  analysis 
of  the  mixture,  we  have  calculated  the  possible  quantities  of  the 
several  amino-adds  originally  yielded  by  the  367.35  gm.  of  zdn 
hydrdyzed. 

As  Radicals  in  Peptide  Union. 

.Free  unino-adds,  chiefly  glutaminic     ■■■  Aspartic  add 10.90 

add,  isolated  as  hydrodilorides  .  74.22  Glutanuoic  add  from  esten  .    .    .  25.40 

Valine  and  alanine 60.60  Serine 3.12 

Lcudne 67.11  Tyrodne 11.70 

Proline 38.47  Arginine 4.46. 

Phenylalanine 29.42  Hbtidine 2.66- 

Ammonia 12.58; 

Total 340.64. 

In  thus  allowing  for  the  analytical  losses,  the  substances  of  un- 
known nature  which  appear  in  the  taUe  on  page  316  as  "Unesteri- 
fied  readue,"  "Crystalline  mixture"  and  "DistDlation  readues"  are; 
omitted,  for  these  unquestionably  represent,  to  a  large  extent,  losses 
similar  to  those  involved  in  out  analysis  of  the  mixture  of  amino- 
adds.  It  is  seen  that  by  thus  calculating  the  results  of  this  analysis,, 
that  340.64  gm,  of  the  original  367.35  gm.  are  accounted  for,  or  92.7- 
per  cent.  Of  the  defidt  of  7.3  per  cent  thus  indicated,  a  part  must 
be  assigned  to  cystine,  if  its  presence  can  be  inferred  from  the  o.6> 
per  cent  of  sulphur  which  zdn  contains,  and  a  part,  probably,  toi 
serine,  which  almost  certainly  was  incompletely  isolated. 
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Although  these  figures  are  based  on  assumptions  that  are  not  defi- 
nitely proved,  they  justify  the  conclusion  that  a  considerable  part 
at  least  of  the  deficit  shown  by  the  analysis  of  zein  consists  of  un- 
determined quantities  of  alanine,  valine,  leucine,  proline,  phenylala- 
nine, aspartic  acid,  glutaminic  add  and  serine.  The  next  step  to  a 
more  complete  knowledge  of  the  decom[K)sition  products  of  the  pro- 
teins is  plainly  to  so  far  perfect  our  methods  of  analysis  as  to  reduce 
the  many  losses  now  met  with  in  the  various  stages  of  the  analysis. 

Those  losses  caused  by  incomplete  hydrolysis  can  easily  be  reduced 
by  longer  boiling  with  adds.  Losses  inddent  to  secondary  decom- 
position during  hydrolysis  do  not  appear  to  involve  any  considerable 
quantity  of  the  amino-adds  which  zdn  yields,  but  these  can  hardly 
be  avoided  so  long  as  the  hydrolyses  are  made  with  strong  mineral 
adds.  The  losses  connected  with  the  esterification  can  be  reduced 
to  small  amounts  if  care  is  taken  in  conducting  the  process.  The 
greatest  chance  for  improvement  seems  to  lie  in  finding  some  method 
by  which  the  esters  can  be  liberated  and  dissolved  in  ether  without 
mechanical  losses. 

The  losses  that  occur  during  the  distillation  can  be  reduced  by 
completing  the  process  as  rapidly  as  ix)ssible,  but  even  so,  these  appear 
to  be  the  most  serious  that  are  met  with  during  the  whole  analysis. 
Thus  in  our  analysis  of  the  mixture  of  amino-adds,  the  amount  of 
esters  unaccounted  for  as  definite  substances  in  Fraction  II  and  in 
the  distillation  readues,  was  equal  to  almost  14  per  cent  of  the  mix- 
lure.  Assuming  that  90  per  cent  of  this  is  equivalent  to  the  free  adds 
originally  contained  in  the  mixture,  we  have  at  this  stage  of  the  process 
a  loss  of  at  least  11.5  per  cent.  The  analysis  of  the  mixture  of  amino- 
adds  also  shows  that,  in  spite  of  nearly  complete  esterification,  only 
7J.3percentof  those  amino-adds  were  recovered,  which  are  separated 
by  means  of  their  esters,  that  is,  of  the  168  gm.  consisting  of  alanine, 
valine,  leucine.  proUne,  phenylalanine,  and  aspartic  add,  only  124.25 
were  recovered. 
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ON  THE  ALLEGED  SPECIFIC  ANESTHETIC 
PROPERTIES  OF  MAGNESIUM  SALTS. 

By  C.  C.  GUTHRIE  and  A.  H.  RYAN. 
lFr»m  Iht  PkyiMhikat  Laborotorki  of  Waskin^en  imd  Piltsbtrtk  UniversUUi.] 

Introduction. 

TN  a  brief  article,  "The  Control  of  Spasms  by  Asphyxiation," '  we 
-*■  incidentally  called  attention  to  certain  resemblances  in  the  clinical 
symptoms  presented  by  animals  in  a  state  of  asphyxia  and  by  a 
sheep  suffering  from  tetanus  into  which  a  large  quantity  of  magne- 
sium salts  had  been  injected.  Reference  was  made  to  the  work  of 
Meltzer  and  Auer  on  the  anesthetic  properties  of  magnesium  salts ' 
and  the  injection  of  magnesium  sulphate  was  based  upon  the  amount 
these  observers  found  most  efficient  in  produdng  what  they  con^dered 
anaesthesia  in  rabbits.*  After  pointing  out  that  the  dose  required  to 
produce  this  phenomenon  was  very  large  (greater  indeed  than  the 

*  Melizeb  and  Aoek'b  views  on  the  toxicity  of  magnesium  sulphate  are  in- 
teresting. They  state:  "It  is  very  little  Icnown  among  medical  men  that  magne- 
sium sulphate,  which  is  so  widely  and  frequently  used  as  a  purgative,  is  actually 
a  very  poisonous  substance."  American  journal  of  pharmacy,  1906,  xv,  p.  387. 
Later  in  the  same  paper  (p.  405)  they  state  that  in  theii  ezperimenU  (labbiu, 
intravenous  injection)  "  1  gm-  of  magnesium  sulphate  per  kilo  animal  injected 
within  one  hour  produced  no  perceptible  hannful  effects."  The  authors  further 
state  that  "The  absorption  fiom  the  gastro-intestinal  canal  is  perhaps  so  slow 
as  rtot  to  introduce  into  the  circulation  more  than  the  above-menUoned  innoc- 
uous dose." 

Applied  to  the  average^Iced  man,  it  would  follow  that  about  70  gm.  of  magne- 
sium sulphate  well  diluted  could  be  injected  into  the  drculation  within  one  hour 
without  "perceptible  harmful  eflects."  In  view  of  the  above  fact,  and  that  the 
therapeutic  dose  (_per  os)  is  16  gm.  (U.  S.  Pharmacopcda,  quoted  by  SoUmann, 
Pharmacology,  1908,  p.  1010),  it  seems  to  us  that  the  statement  that  "Magne- 
^uni  sulphate  is  a  very  poisonous  substance"  is  not  justifiable. 
3»9 


Digitized  byGoOgIC 


330 


C.  C.  Guthrie  and  A.  H.  Ryan. 


therapeutic  dose  per  as)  and  that  clin'ca  symptoms  of  asphj-xia  ■ 
followed  such  injections,  we  stated  that  "It  would  seem  that  this 
factor  (asphyx'a)  should  constantly  be  home  in  mind  in  interpreting 
the  results  obtained  by  the  injection  of  such  solutions." 
Meltzer  and  Auer  have  taken  exception  to  our  view  in  a  paper  in 
which  they  raise  the  question: 
"  Are  the  anaesthesia  and  motor 
paralysis  caused  by  magnesium 
saltsdueto  asphyxia?" '  This 
led  us  to  further  investigation 
of  the  subject. 

Frogs,  rabbits,  dogs,  cats, 
rats,  etc.,  were  used,  but  as 
the  results  for  all  these  ani- 
mals are  in  agreement  so  far  as 
the  chief  points  are  concerned, 
only  a  detailed  account  of  the 
technique  employed  with  frogs 
will  be  given.  The  results  are 
more  complete  for  these   ard- 

FiouRE  1.  — Arrangement  of  electrodeaonfrog  mals,  as   they  lend  themselves 

to   study  effect  of   subcutaneous   injecUon  ^^^^   jg^j      j^,    g^^act   eiperi- 
of  drugs.     Electrodes  1,1,5  and6areshown  ■  •■  ■         i   i 

as  arranged  for  thermal  stimulation,  the  thin  mentation.    Also,  certain  of  the 

Gennan  alver  wires  connecting  the  copper  procedures  described  for  frOgS 

rods  being  healed  by  a  galvanic  current,  have  not  been  carried  out  on 

By  a  suitable  key,  an  induced  or  galvanic  ^^^^^j     ^s  they  were  deemed 
current  could  be  cooveniently  led  into  any  '  ■' 

pair  of  electrodes.  unwarranted. 


I.  The  Action  of  Magnesium  Salts  in  Rzlation  to  Motor 
Nerve  Impulses.* 

In  medium-sized  frogs  the  femoral  blood  vessels  in  one  leg  (right) 
were  ligated  and  the  two  gastrocnemius  muscles  connected  with 
levers.  Stationary  electrodes  were  placed  beneath  the  sciatic  nerves, 
and  by  a  suitable  arrangement  of  keys  an  induced  current  could  be 
led  into  either  nerve  at  will  (Fig.  i).  After  establishing  the  control 
response  in  fcoth  muscles,  i.o  to  1,5  c.c.  of  the  saturated  solution  of 
the  salt  was  introduced  into  the  dorsal  lymph  sac.    The  nerves  were 
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stimulated  at  intervak 
and  the  following  results 
recorded  (Fig.  2) : 

I.  Injection  of  i.o  to 
1.5  c.c.  saturated  solu- 
tion of  magnesium  sul- 
phate into  the  dorsal 
lymph  sac  of  a  medium- 
sized  unpithed  frog  is 
soon  followed  by  a  loss 
of  muscular  response  to 
nerve  stimulation,  while 
direct  stimulation  of  the 
muscle  remains  efiFective. 

The  early  decrease  in 
response  to  direct  stimu- 
lation in  the  non-hgated 
teg  following  the  injec- 
tion of  magnesium  salts 
is  an  exceedingly  in- 
teresting phenomenon. 
The  fact  that  response 
before  injection  appears 
to  indirect  stimulation 
with  a  weaker  current 
than  to  direct  stimula- 
tion, is  probably  in  part 
due  to  the  greater  resis- 
tance presented  by  the 
muscle  tissue,  escape  of 
current  in  surrounding 
tissues,  etc.,  and  hence 
a  smaller  stimulating 
effect  than  is  produced 
by  the  same  current 
applied  directly  to  the 
nerves.  Further,  the 
following  factors  must 
be  considered  in  its 
interpretation: 


1-   £   ^ 

i  s  3 1 .5  i  I ;  = 
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A  rabbit  was  poisoned  with  magnesium  salt  solution  administered  sub- 
cutaneously.  After  a  time  one  sciatic  nerve  was  exposed  and  stimulated 
with  an  induced  current.  Upon  stimulation  of  the  sdatic  nerve  slight  or 
no  contraction  of  the  muscles  supplied  by  this  nerve  was  observed.  Direct 
stimulation  of  the  muscles  with  a  current  of  the  same  strength  brought  a 
good  response.  The  pupils  showed  constriction.*  At  this  time  the  animal 
was  breathing  well,  and  there  were  none  of  the  graver  symptoms  of  asphyxia 
which  appeared  later.  The  animal  showed  slight  if  any  diminution  of  con- 
junctival refiexes.t  Stimulation  of  the  central  end  of  the  sciatic  nerve  was 
followed  by  contraction  of  the  trunk  muscles. 

Thus  a  rabbit  poisoned  with  magnesium  sulphate  shows  a  loss  of 
muscular  response  to  indirect  stimulation,  while  at  this  time  the 
muscular  response  to  direct  stimulation  is  good.  The  more  periph- 
eral skeletal  muscles  seem  to  be  the  first,  while  the  muscles  of  respi- 
ration appear  to  be  the  last  to  become  paralyzed. 


U.  The  Action  of  Magnesium  and  other  Salts  in  Relation 
TO  Sensory  Stdiulation. 

After  ligating  the  femoral  blood  vessels  of  one  leg  in  the  frog,  the 
response  to  sensory  stimulation,  e.g.,  thermal,  electrical,  chemical 
(add),  and  mechanical  stimulation  to  the  skin  of  the  fore  and  hind 
limbs  was  recorded  by  the  contraction  of  the  gastrocneouus  muscles 
(Fig.  i).  M^nesium  salts,  i.o  to  1.5  c.c.  in  saturated  solution,  were 
then  injected  into  the  dorsal  lymph  sac.  After  a  time  no  response 
in  the  non-Ugated  leg  could  be  elicited  by  stimulating  as  before,  but 
the  muscles  in  the  ligated  limb  responded  strongly.    At  this  stage 

*  We  have  found  that  pupQlary  changes  ordinarily  constitute  a  delicate  and 
reliable  index  of  asphyxia.  Tlie  primary  stage  of  conslrietion,  occauonally  de- 
scribed in  t£xt-book5  (Starling,  1907,  p.  404;  Paton,  1905,  p.  306),  is  quite  con- 
stant. Hie  great  variation  in  the  post  mortem  state  of  the  pupil  is  interesting; 
e.  g.,  in  cats  it  is  dilated,  while  in  rabbits  it  is  constricted  (as  compared  with  the 
normal  size  in  diffuse  daylight).  A  fuller  account  of  these  observations  will  be 
published  shortly.     See  Science,  N.  S.,  1910,  xixi,  pp.  395-396. 

t  Among  surgeons  the  loss  of  the  conjunctival  reflex  under  an  anxsthetic  is 
the  usually  accepted  sign  that  the  patient  is  unconscious  and  insusceptible  to 
pain.  (Da  Costa:  Manual  of  modem  surgery,  189S,  p.  730.  Cf.  Pattok: 
Anzsthcsia  and  Anesthetics,  1906,  pp.  127-119.)  Our  own  experience  accords 
with  this  view. 


Digitized  byGoOgIC 


334  C-  C-  Guthrie  and  A.  H.  Ryan. 

the  muscles  in  the  non-ligated  leg  might  respond  to  direct  stimulation, 
but  not  at  all  to  nerve  stimulation  (Fig.  2).  In  such  an  experiment 
at  this  stage  the  animal  was  still  breathing  well  and  there  were  no 
indications  of  insensibility.* 

Results. 

I.  The  behjLvior  of  an  animal  in  response  to  sensory  stimulation 
is  notably  altered  after  the  subcutaneous  injection  of  magnesium 
salts  in  large  amounts  in  strong  solution.  Motor  response  may  even 
entirely  disappear,  but  a  disappearance  of  sensitiveness  is  not  con- 
comitant with  motor  paralysis,  for  if  previous  to  the  administration 
of  the  salt  in  frogs  the  blood  vessels  to  a  hind  limb  be  ligated,  the 
muscles  of  such  a  limb  show  good  response  to  stimulation  of  the  skin 
of  the  fore  limbs. 

After  the  injection  of  magnesium  salts  there  was  a  stage  of  slight 
depressed  reflex  response  in  the  ligated  leg  to  stimulation  of  the 
sciatic  nerve  of  the  non-Ugated  leg.  (At  this  time  similar  reflex  re- 
sponse in  the  non-ligated  leg  on  stimulation  of  the  nerve  of  the  ligated 
leg  was  only  evoked  with  a  very  much  stronger  current.)  Following 
this,  and  corresponding  to  the  period  of  disappearance  of  muscular 
contraction  in  the  non-ligated  leg,  the  reflex  response  in  the  ligated 
leg  to  stimulation  of  the  opposite  sdatic  nerve  as  before,  was  mark- 
edly heightened.    This  is  harmonious  with  the  asphyxial  view. 

Also  there  was  evidence  that  at  certain  times  reflex  contraction  to 
either  cutaneous  stimulation  or  stimulation  of  the  opposite  sciatic  nerve 
may  occur  in  the  non-ligated  leg  when  stimulation  of  its  nerve  with 
a  single  shock  produced  no  effect.  (This  seems  in  agreement  with  the 
well-known  fatigue  experiments  with  the  ergograph.)  At  this  time  a 
series  of  rapidly  repeated  electrical  stimuli  applied  to  the  nerve  was 
effective.  StiU  later  vigorous  response  of  the  ligated  leg  to  cutting 
the  nerve  of  the  non-ligated  leg  was  observed.  After  loss  of  response 
of  the  non-ligated  leg  to  indirect  stimulation,  very  powerful  reflex 
and  volimtary  contractions  were  observed  in  the  ligated  leg  on  stimu- 

*  Cutaneous  re^iration  U  probably  cot  an  im^rtant  factor  in  our  experi- 
ments on  frogs,  for  (1)  the  curare-like  pheuomena  were  marked  before  cessatioa 
of  respiratory  movements,  and  (3)  notwithstanding  cutaneous  respitation  tbe 
frogs  soon  died. 
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lation  of  the  skin  on  the  opposite  side  of  the  body  either  electrically, 
thermally,  or  with  add.  (Voluntary  is  used  for  contractions  occurring 
some  time  after  application  of  the  stimuli.  In  other  words,  the  term 
is  used  advisedly  for  contractions  coming  too  long  after  sensory  stimu- 
lation to  be  classed  as  ordinary  reflexes  (sfMnal) ;  the  term  cerebro- 
spinal reflex  might  be  cautiously  employed.) 

3.  A  rabbit  poisoned  with  magnesium  sulphate  shows  a  loss  of 
muscular  response  to  indirect  stimulation,  while  at  this  time  the 
muscular  response  to  direct  stimulation  is  good.  At  this  stage  the 
reflex  mechanism  is  still  capable  of  functioning,  as  shown  by  the  con- 
traction of  tnmk  muscles  on  stimulating  the  central  end  of  the  sciatic 
nerve.  Even  in  a  late  stage,  stimulation  of  the  sciatic  nerve  may  be 
followed  by  an  increase  in  the  rate  of  the  respiratory  movements. 

3.  The  subcutaneous  administration  to  wild  rats  of  magnesium 
and  sodium  salts  in  large  amounts  in  concentrated  solution  gives 
results  comparable  in  many  respects  as  regards  production  of  uncon- 
sciousness (anasthesia). 


III.  Direct  Appucation  of  Magnesium  and  other 
Salt  Solutions  to  Nerves. 

Meltzer  and  Auer  state  °  that:  i.  Solutions  of  magnesium  salts 
when  directly  applied  to  nerve  trunks  never  seem  to  produce  irrita- 
tion. 2.  Such  applications  produce  a  more  or  less  complete  block 
for  afferent  and  efferent,  normal  or  artificial,  impulses.  3.  The  more 
concentrated  the  solution  the  more  rapid  the  blocking  action.  4. 
Such  a  block  disappears  some  time  after  the  removal  of  the  solution. 
The  recovery  is  greatly  accelerated  by  washing  the  nerve  with  Ringer's 
solution.  5.  When  applied  to  the  sciatic  nerve  the  sensory  fibres 
are  more  rapidly  affected  than  the  motor;  and  when  appUed  to  the 
vagus  the  cardiac  fibres  are  more  rapidly  affected  than  the  efferent 
fibres  for  the  oesophagus  and  the  afferent  respiratory  and  vaso-con- 
strictor  fibres. 

We  put  certain  of  these  statements  to  experimental  test  and 
also  compared  the  action  of  magnesium  salts  with  certain  other 
of  the  neutral  salts  and  with  cane  sugar  as  shown  in  the  following 
experiments; 
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sium  or  other  salts  necessary  to  produce  the  aiuesthe^  phenomeia 
of  Meltzer  and  Auer.*  We  believe  that  any  one  who  will  attentively 
consider  the  statement "  will  see  that  it  was  employed  only  for  the 
purpose  of  calling  attention  to  the  large  dosage  of  the  drug  neces- 
sary to  produce  the  anesthetic  effect,  as  this  in  itself  indicates  most 
strongly  a  non-specific  action  of  the  salt.  Had  we  desired  to  discuss 
the  matter  from  a  strictly  quantitative  standpoint  we  would,  of 
course,  have  taken  the  quantity  of  plasma  rather  than  the  blood, 
also  the  collection  of  liquid  at  the  site  of  injection,  rate  of  absorption 
into  the  circulating  liquids,  intracellular  absorption,  excretion  of 
urine,  etc.,  into  recount. 

Discussion. 

SnbcuUnwDi  XnjMtton.  —  Meltzer  and  Auer  have  apparently  in- 
terpreted the  stage  of  motor  paralysis  depicted  under  I  and  11  (pp. 
330-335)  as  showing  anesthesia. 

Jolyet  and  Cahours '"  in  1869  stated  that:  In  considering  only  the 
results  (paralysis  of  voluntary  and  refies  movements  with  preserva- 
tion of  direct  muscular  excitability)  which  follows  the  introduction  of 
the  substance  into  the  blood  in  dogs,  and  the  same  results  with  preser- 

*  The  production  of  unconsdousness  through  the  injection  oF  mineral  adds, 
and  the  life  saving  action  of  sodium  carbonate  in  such  a  condition  is  interesting 
in  this  connection,  tt  seems  dear  that  the  add  phenomena,  which  resemble 
asphyxia,  are  due  to  changes  associated  with  the  decreased  alkalinity  of  tbt 
blood.  (Walter,  Schuiedebeeg,  1877,  vii,  p.  148;  Soluunn,  Phannacology, 
1908,  p.  583).  Mdtzer  and  Joseph  from  slow  intia-venous  injections  in  dogs 
have  concluded  "  that  the  toxidty  of  magnesium,  caldum,  potas^um,  and  sodium 
to  the  entire  animal  is  in  inverse  proportion  to  the  amounts  in  which  they  are 
present  in  the  serum  of  that  animal."  Our  results  from  subcutaneous  injections 
in  rats  of  magnesium  and  sodium  salts  are  in  harmony  with  the  latter  condu^on. 
Since  the  grosser  clinical  symptoms  following  the  administration  of  adds  and  salts 
in  suffident  amounts  are  strikingly  similar  in  many  respects,  an  obvious  query  is, 
"Do  the  variations  in  toxidty  bear  a  relation  to  alteration  in  the  alkalinity  of 
the  blood  (and  other  body  liquids)?"  It  cannot  be  assumed  a  priori  that  actual 
determination  of  the  total  alkalinity  would  supply  the  answer  to  the  question,  for 
that  would  not  necessarily  be  an  index  of  the  effectm  or  pkyriologkal  alkalinity. 
For  example,  although  the  total  alkalinity  might  be  unaltered,  the  alkalinity  due 
to  phyriological  compounds  might  be  reduced  to  such  an  extent  as  to  become  in- 
adequate for  effident  respiratory  functioning.  The  n  w  fabnortnal)  alkaline 
compounds  might  be  partially  favorable  but  inadequate  to  sustain  efBdently, 
neutral  to,  or  directly  antagonistic  to  such  processes. 
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vation  of  sensibility  and  power  of  movement  in  the  preserved  member 
(blood  vessel  ligated,  in  frogs),  one  cannot  but  compare  the  action  of 
magnesium  sulphate  to  the  action  of  curare.  Binet "  in  1892  con- 
cluded that  "Magnesium  salts  act  upon  the  nervous  system  in  a 
manner  similar  to  curare.  But  they  differ  from  it  by  the  fact  that 
the  functioning  of  the  respiratory  muscles  is  suppressed  (paralysis) 
more  slowly."  Wiki  •*  in  1906  and  Bardier  "  in  1907  considered  this 
action  in  relation  to  the  magnesium  "aniesthesia"  described  by 
Meltzer  and  Auer.  Our  own  results  are  in  agreement  with  the  con- 
clusions quoted  above,  and  seem  to  make  further  discussion  on  this 
point  superfluous. 

We  will  not  at  this  time  consider  all  the  objections  raised  by  Meltzer 
and  Auer  to  the  asphyxial  factor"  in  "magnesium-salt-anxsthesia.'* 
Their  principal  argument  against  participation  of  asphyxia  in  the 
production  of  such  an  anxsthesis  was  that  "  in  most  of  the  cases  not 
one  symptom  of  asphyxia  was  present  during  ancesthesia.  Under  no  cir- 
cumstance did  the  injection  of  magnesium  salts  ever  cause  an  increase  of 
the  respiration  in  depth  or  frequency"  "  They  ask  ■*  if  a«  "  ever  noticed 
an  increase  in  rate  under  the  influence  of  magnesium  salts."  To  this 
we  answer  yes.  Furthermore,  they  have  themselves  published  more 
than  one  experiment  showing  such  an  increase  in  the  respiratory 
rate.  One  protocol  shows  an  increase  of  100  per  cent  following  the 
injection  of  m^nesium  sulphate,  and  finally  a  decrease  of  over  50 
per  cent  of  the  orignial  rate  (quoted  below,  Experiment  No.  7). 
Illustrative  of  these  statements  are  the  following  experiments  from 
the  paper  by  Meltzer  and  Auer  just  cited: 

Experiment  4.  May  4.  —  Gray  rabbit,  female,  1430  gm.  (204,  survivor 
from  a  previous  subcutaneous  iajection).  76  respirations  to  the 
minute. 

3.53.  Injected  subcutaneously  into  left  flank  9  c.c.  of  a  25  per  cent 
solution  of  magnesium  sulphate;  massaged. 

4.06.    Just  about  able  to  move;  128  respirations  to  the  minute.'* 

*  The  productioD  of  aniesthesia  by  partial  asphyxiation  is  too  well  known  to 
need  discussion.  (Priestley:  Philosophical  transactions,  London,  1772,  Izii, 
p.  147;  Beki:  "La  piession  barometrique,"  Paris,  1878,  p.  9S1;  George  Johm* 
son:  Lancet,  1891,  i,  quoted  from  Teit  Book  of  Physiology,  1898,  i,  pp.  739~ 
740;  Stakuhg:  Text  Book  of  Physiology,  1907,  p.  180;  CuSHNV:  Pharmacology, 
4th  ed.,  pp.  581-581.) 
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An  increase  of  68,4  per  cent  or  fifty-two  respirations  per  minute. 

Experiment  7,    May  19.  —  Yellow  cat,  male,  3820  gm. 

3.40.  Injected  subcutaneously  into  left  flank  15  c.c.  of  a  25  per  cent 
solution  of  magnesium  sulphate. 

3.45.    Respirations  64  to  the  minute. 

4.45.  Respirations  128  to  the  minute,  deeper  than  before  (7), 
salivated,  staggers  in  cage. 

4.55.  Lying  on  the  floor  on  one  side  with  rekixed  extended  ei> 
tremities;  conjunctival  reflex  present;  stepping  on  tail  causes  no 
reaction. 

5.25.  Lying  on  the  same  spot  and  in  the  same  manner  as  bdore; 
40  respirations  to  the  minute,  moderately  deep;  conjunctival  reflei 
present;  stepping  on  tul  —  no  reaction;  on  inserting  probe  in  nose, 
moves  head  slightly. 

6.00.  Respirations  28  to  the  minute  and  fairly  de^;  otherwise  do 
change." 

The  initial  rate  is  not  given,  but  judging  from  other  experiments 
it  was  probably  less  than  it  was  five  minutes  after  injection.  But 
taking  this  (64  per  minute)  as  the  initial  rate,  an  increase  of  100  per 
cent,  or  64  respirations  to  the  minute,  and  later  a  decrease  of  over  56 
per  cent,  or  36  respirations  to  the  minute,  is  shown.  We  have  protocc^ 
(with  tracings)  showing  similar  results. 

In  many  of  Meltzer  and  Auer's  protocols  no  respiratory  rate  is 
recorded.  In  general  agreement  with  their  published  experiments 
in  which  respiratory  rates  are  given,  is  their  conclu^on  that  slowing 
of  respiration  is  seen  in  the  stage  of  magnesium  salt  action,  which 
they  have  termed  "anaesthetic."  To  this  we  would  add  that  pre- 
ceding this,  a  stage  of  accelerated  respiratory  ttunemenls  frequently 
occurs. 

In  a  late  stage  of  magnesium  salt  poisoning  we  have  observed 
moderate  quickening  of  the  respiratory  movements  after  strong 
stimulation  of  the  central  end  of  the  sciatic  nerve  with  an  induced 
electrical  current.  Under  similar  conditions  Meltzer  and  Auer 
have  observed  stoppage  of  respiratory  movements  after  the  ap- 
plication of  ether  to  the  animal's  (rabbit)  nose."  It  seems, 
therefore,  that  at  such  a  stage  the  respiratory  centre  may  still 
be  capable  of  responding  to  strong  sensory  stimuli.  This  harmon- 
izes with  the  asphyxial  view.     For  it  is  known  that  in  slow  as- 
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phyziation  the  violent  motor  manifestations  seen  in  rapid  asphj^xia- 
tion  may  be  absent  and  the  animal  pass  successively  through  the 
stages  of  stupor,  unconsdousness,  and  collapse."  This  does  not 
imply  that  the  centres  are  incapable  of  responding,  but  rather  that 
the  stimulating  forces  do  not  act  with  sufficient  rapidity  to  evoke  a 
pronounced  response,  t.  e.  the  stimuli  are  subminimal.  Also  the 
state  of  the  centres  (and  the  associated  responding  tissues)  is  im- 
portant in  determining  the  result  of  a  stimulus. 

We  may  say,  however,  that  we  would  not  consider  it  necessary  to 
have  a  primary  increase  in  the  respiratory  rate  in  order  to  prove  the 
presence  of  partial  asphyxiation.  The  stage  of  excitation  mani- 
fested by  labored  respirations  and  convulsions  is  not  an  invariable 
accompaniment  of  asphyxia.  As  discussed  by  us  in  a  paper  entitled 
"  The  Relation  of  Circulation  to  Spasms,"*"  the  production  or  alle- 
viation of  spasms  by  asphyxia  "  depends  upon  the  given  state  of 
metabolism  (of  the  involved  nerve  cells)  when  the  nutritional  (or 
circulatory)  change  is  made,  and  the  extent  of  the  nutritional  change 
in  the  given  condition."  The  former  statement  is  well  demonstrated 
by  the  sheep  and  cat  protocols  and  the  frog  experiments  in  our  paper 
on  the  "  Control  of  Spasms  by  Asphyxiation."  "  When  an  animal  is 
in  a  convulsive  state  with  labored  (maximal)  respirations  to  begin 
with,  we  would  not  expect  to  observe  manifestations  of  a  further 
clearly  defined  stage  of  excitation  following  any  method  of  asphyxia- 
tion. This  answers  Meltzer  and  Auer's  question  as  to  why  we  did 
not  observe  the  symptoms  of  the  stage  of  excitation  in  the  tetanized 
sheep  previously  referred  to,  following  the  subcutaneous  injection 
of  magnesium  sulphate  solution.  The  fact  that  a  decrease  of  over 
50  per  cent  in  frequency  accompanied  by  a  decrease  in  depth  of  the 
respirations  occurred  in  the  sheep  experiment  following  the  injection 
of  magnesium  sulphate  solution  is  strongly  indicative  of  a  state  of 
partial  asphyxia.' 

*  It  is  true,  as  Meltzek  and  Auer  have  said,  we  reported  only  one  experiment 
(This  jounial,  1908,  zzii,  p.  443)  -on  the  injection  of  magnesium  salts.  But  the 
clinical  pictuie  presented  by  this  uumal  was  so  typical  of  the  condition  produced 
in  many  of  their  Bnipmlf  after  similar  injections,  as  shown  by  a  perusal  of  their 
protocols,  that  we  did  not  consider  it  necessary  to  multiply  ezperiments.  As  we 
mentioned,  the  observation  was  made  mddentally  and  simply  included  in  the 
paper  on  the  conbxd  of  spasms  by  a^hyziation,  »nce  it  seemed  to  t>ear  a  certain 
elation  to  that  subject 
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In  the  experiment  briefly  described  on  page  333,  the  animaJ 
showed  a  good  conjunctiva!  reflex  (touch)  until  a  decrease  of  ova 
80  per  cent  in  the  rate  of  respiratory  movements  bad  occurred.  As 
above  indicated,  a  number  of  Meltzer  and  Auer's  protocols  indicate 
a  marked  decrease  in  the  respiratory  movements  before  pronounced 
symptoms  of  aniesthesia  were  observed.  It  would  seem,  therefore, 
that  pulmonary  ventilation  bears  a  very  constant  relation  to  the 
anesthesia  phenomena  under  discus^on. 

Meltzer  and  Auer's  statements  r^arding  cyano^  are  (^>en  to 
criticism.  Magneaum  salts  produce  a  decrease  in  the  pulmonary 
ventilation,  and  we  have  repeatedly  observed  cyanosis  following  theii 
injection. 

Finally,  subcutaneous  injections  of  other  salts  in  large  amounts 
are  followed  by  "anaesthesia"  phenomena  comparable  in  many 
respects  to  those  following  the  injection  of  magnesium  salts,  the 
differences  appearing  to  be  chiefly  of  a  quantitative  nature. 

We  must  add  that  in  recent  writings  Dr.  Meltzer  appears  to  be 
taking  a  more  conservative  view  as  to  the  interpretation  of  the  phe- 
nomena following  the  injection  of  magnesium  salts.  For  examfde. 
he  states  that  "A  noteworthy  pcont  in  the  fatal  terminations  of  the 
d(^  from  infusion  (intra\-enous)  of  sodium  chloride  is  the  fact  noted 
by  us  that  in  all  experiments  the  respiration  subsided  several  minutes 
before  the  heart  stopped  and  without  any  terminal  con%'ulsioiis. 
From  the  obser\'ations  of  Locke,  Gushing,  and  othos  we  know  now 
that  by  perfuMon  of  the  posterior  extremities  with  sodium  chloride 
the  indirect  irritability  disappears  long  before  the  direct;  in  otha 
words,  sodium  chloride  exerts  upon  the  motor  nerve  endings  a  '  curare- 
Uke  '  action.  May  not  the  early  stoppage  of  re^itntioQ  in  these  ex- 
periments without  accompan>'ing  convulsions  have  been  due  to  such 
a  '  curare-like  '  action  of  the  sodium  chloride  upon  the  motor  neni-e 
endings?"  .  .  .  Magnesium  exerts  also  a  dq)rcs5Uig  effect  upon 
muscle  and  motor  ner\-e  endings  or,  as  it  b  frequently  expressed, 
u[xin  direct  and  indirect  muscle  irritability.  .  .  .  The  depressing 
action  upon  the  motor  nerN-e  ending  magnesium  shares  with  most  of 
the  othf r  inorgnnic  ions  of  the  animal  body.  It  is  the '  curare-like ' 
action  which  is  exerted  by  sodium  chloride,  potassium  chloride.  .  .  . 
The  cu^dn^-like  action  of  magnesium  upon  the  periplieral  motor  ner%-e 
endings  has  suTxrly  some  share  in  the  danger  irtiich  comes  from  the 
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respiratory  paralyds.  With  an  increasing  depression  of  the  irritability 
of  the  nerve  endings  of  the  respiratory  muscles,  be  it  ever  so  small, 
is  a  grave  factor."  ** 

DlTMt  Application  to  Horrea.  A.  Stimulating  Action.  —  Meltzer 
and  Auer's  position**  is  indicated  by  the  general  statement  that, 
"As  we  have  pointed  out  in  the  previous  papwrs,  we  have  so  far 
noticed  not  a  single  phenomenon  among  the  effects  of  these  salts 
■which  could  be  reasonably  interpreted  as  an  irritating  influence." 
They  used  rabbits.  Our  own  results  show  that  magnesium  salts 
in  common  with  numerous  other  crystalloids  exert  a  very  decided 
stimulating  action  when  applied  directly  to  the  exposed  trunk  of  a 
sciatic  nerve  of  an  otherwise  intact  frog.*  Indeed  magnesium  chloride 
stimulated  more  powerfully  than  certain  other  of  the  substances. 
Such  action  may  affect  afferent  fibres,  as  evidenced  by  powerful  re- 
flex contractions.  As  the  reSex  factor  was  present  in  all  our  experi- 
ments, we  cannot  make  a  positive  statement  regarding  a  purely  effer- 
ent effect,  but  from  the  similarity  of  action  with  other  salts  which 
are  known  to  possess  such  action,  e.  g.  sodium  chloride,  a  reasonable 
doubt  as  to  such  action  is  barely  possible. 

B.  Conductivity.  —  As  to  the  explanation  of  the  difference  in  the 
time  of  blocking  of  different  fibres  by  the  direct  application  of  salt 
solutions,  we  believe  Meltzer  and  Auer's  interpretation  **  attributing 
it  to  a  difference  in  initabihty  in  the  different  fibres  is  more  rational 
than  the  explanation  attributing  it  to  a  difference  in  the  irritability 
of  the  nerve  endings.** 

Better  still  we  believe  is  the  hypothesis  advanced  by  Dbton  in  ex- 
plaining the  difference  in  time  of  blocking  to  different  kinds  of  fibres 
after  the  direct  appUcation  of  cocaine,"  namely:  i.  Such  a  distribu- 
tion of  the  fibres  within  the  nerve  (vagus)  as  to  expose  one  kind  more 
than  the  other  to  the  action  of  the  drug;  2.  That  one  kind  of  fibres 
has  a  greater  chemical  affinity  than  the  other  for  the  drug  (cocaine). 

To  the  above  considerations  we  would  add  a  difference  in  sus- 
ceptibility to  the  action  of  tke  drug  whether  the  action  be  exerted  through 
chemical,  physical,  physico-chemical  means  or  otherwise,  e.  g.  vaso- 
constriction. For  it  is  well  known  that  tissues  differ  in  their  sus- 
ceptibility to  ansmia  (asphyxia),  and  that  different  elements  of  the 

*  Brainless  frogs  gave  essentiall)'  similar  results. 
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same  tissue  exhibit  a  similar  difference  in  susceptibility.  This  b 
strikingly  evident  in  the  central  nervous  system.*' 

BlustraUve  of  such  differences  in  peripheral  nerve  fibres  may 
be  mentioned  the  persistence  of  pronounced  vasodilator  response 
to  stimulation  of  mixed  nerves  after  cooling,  etc.,  at  a  time  when 
vaso-constrictor  effect  has  become  much  reduced.*'  So  that  the 
view  that  the  difference  in  time  of  disappearance  of  conductivity 
after  the  application  of  agents  is  due  to  the  difference  in  resistance 
(or  susceptibility)  to  the  adverse  condition  is  rational.  We  believe 
that  to  attribute  the  ultimate  action  of  at  least  a  large  proportion 
of  such  agents  to  asphyxiation  is  in  accord  with  observations  hitherto 
recorded.  The  sole  consideration  impelling  us  to  assert  our  allegiance 
to  this  view  as  a  factor  under  the  above  conditions  is  that  it  rests 
upon  a  periectly  definite  phenomenon,  the  relative  susceptibility  of 
tissues  to  asphyxia  or  associated  nutritiotial  disturbance. 

In  the  case  of  concentrated  salt  solutions,  such  as  we  have  em- 
ployed, in  line  with  this  view,  is  the  abstraction  of  water  from  the 
tissues,  so  the  action  would  be  in  part  at  least  physical.  In  the  case 
of  iso-  and  hypotonic  solutions,  diffusibility  of  the  substance  would 
have  to  be  taken  into  account  as  well  as  any  other  property  it  might 
possess  whereby  the  internal  respiratory  or  associated  processes  of 
the  tissues  subjected  to  its  action  might  be  influenced. 

Although  we  have  not  studied  the  action  of  dilute  (iso-  and  hypo- 
tonic) solutions  of  magnesium  salts  on  the  conductivity  of  nerves, 
we  do  not  believe  they  can  thus  play  any  important  part  in  the  general 
loss  of  sensibility  observed  after  the  subcutaneous  administration  of 
large  amounts  of  such  salts  in  strong  solution,  for:  i.  A  block  in  a 
nerve  produced  by  strong  sodium  chloride  solution  may  be  removed 
by  washing  with  isotonic  solution  of  the  same  salt;  2.  Study  of  such 
blocks  induced  by  the  application  of  hypertonic  solutions  indicates 
complete  afferent  before  complete  efferent  block.  But  when  ad- 
ministered subcutaneously,  motor  response  disappears  before  sen- 
sory. That  loss  of  muscular  response  is  not  due  to  loss  of  motor 
conductivity  is  clearly  shown  by  our  experiments.  For  example,  in  a 
ligated  limb  the  persistence  of  muscular  response  to  sensory  stimu- 
lation at  a  time  when  muscular  response  to  even  strong  stimulation 
of  the  efferent  nerves  evoked  no  response  in  the  non-ligated  limb.. 
Finally,  Meltzer  and  Auer's  results  from  the  direct  application  of 
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dilute  solutions,  namely,  that  "  the  local  anaesthetizing  effect  of  the 
solutions  has  been,  as  a  rule,  in  proporUon  to  their  concentratioD,"  *" 
support  this  view. 

C.  Excitability.  —  The  effect  of  direct  iq>plication  of  magnesium 
salts  to  nerves  on  excitability  has  not  been  so  dosely  observed. 
Meltzer  and  Auer  briefly  present  the  results  ihey  obtained  on  stim- 
ulation of  the  nerve  at  the  point  where  the  magnesium  salt  solution 
was  applied.'* 

Some  evidence  is  adduced  to  indicate  that  irritability  was  more 
profoundly  affected  (reduced)  than  conductivity  but  they  state  that 
the  results  are  inconclusive.**  We  can  add  nothing  to  this  at  the 
present  time,  as  our  experiments  with  solutions  made  of  comparable 
concentrations  (taking  the  isotonic  co-effideats  •*  of  the  substances 
into  account)  are  incomplete. 


Conclusions. 

We  conclude,  therefore,  that  a  very  marked  early  effect  of  magne- 
sium salts  when  injected  subcutaneously  in  suffident  doses  is  a  paraly- 
^s  of  the  peripheral  neuro-muscular  apparatus  of  voluntary  musdes. 
An  animal  in  such  a  condition  is  scnative,  but  ordinarily  does  not 
respond  to  sensory  stimulation  because  it  is  paralyzed.  Paralysis  of 
the  more  distal  Aeletal  muscles  is  followed  by  a  gradual  paralysis 
of  the  respiratory  musdes  wMch  results  in  a  decrease  in  the  pul- 
monary ventilation.  Tlus,  in  conjunction  with  the  probable  action 
of  the  salt  upon  other  processes  concerned  in  respiration*  produces 
a  state  of  partial  asphyxia  manifested  by  the  usual  symptoms. 
Anxsthe^a  may  or  may  not  occur  at  this  stage,  depending  upon  the 
degree  of  asphyxiation. 

Briefly,  our  further  investigaUons  corroborate  our  previous  posi- 
tion. Apparently  the  ansesthe^  that  may  follow  the  injection  of 
magnedtmi  sulphate  solutions  is  due  chiefly  to  asphyxia.  Magntsium 
sails  cannot  be  regarded  as  having  marked  spedJU  amestkeltc  properties, 

*  See  pp.  337,  33a. 
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THE  RELATION  OF  THE  PANCREAS  TO  THE 
BLOOD  DIASTASES  IN  THE  DOG. 

Bv  H.  OTTEN  and  T.  C.  GALLOWAY,  Jr. 
iFnm  tke  Hull  Pkyiialegkul  Laberttary  of  lie  VmtersUy  of  Ckicige.] 

T^HOUGH  numerous  investigators  have  concerned  themselves 
■'■  with  the  diastases  oF  the  blood,  little  infonnatioa  has  been 
brought  forward  which  would  indicate  the  source  or  seat  of  their 
production  in  the  animal  body.  This  work  was  undertaken  at  the 
suggestion  and  under  the  direction  of  Dr.  Carlson,  to  determine  if 
pos^ble,  the  r&le  of  the  pancrej^  in  their  formation.  While  a  number 
of  men  have  investigated  the  diastases  after  removal  of  the  pancreas 
with  partly  confiicting  results,  no  one  seems  to  have  followed  the 
progressive  changes  in  concentration  In  the  blood.  We  expected  that 
if  the  pancreas  were  responable  for  their  formation  or  destruction, 
the  amount  of  diastases  in  the  blood  would  show  a  gradual  fall,  vary- 
ing with  the  rapidity  of  elimination  or  destruction  of  the  ferments; 
while  if  the  pancreas  played  no  direct  part,  there  should  be  little  or 
no  change.  It  was  found  that  the  problem  is  not  so  simple,  but  is 
complicated  by  other  factors  to  be  discussed  in  connection  with  our 
experiments. 

Literature. 

While  Bainbridge  and  Beddard  *  found  in  two  diabetic  patients 
an  almost  complete  lack  of  blood  diastases,  the  serum  of  other  dia- 
betics showed  no  change  in  concentration.  They  found  that  after 
pancreatectomy  in  one  cat,  there  was  no  disappearance  of  the  blood 
diastases. 

Carison  and  Luckhardt  *  also  record  that  the  removal  of  pancreas 
from  cats  did  not  greatly  affect  the  concentration  of  blood  and  lymph 
diastases. 

'  Badibkidge  and  Beddakd:  Biochemical  journal,  1907.  ii,  p.  89. 
'  Caklson  and  Ldckhardt:  This  journal,  iqoS,  zxii,  p.  148. 
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Schlesinger*  states  that  after  pancreatectomy  the  blood  diastases 
disappear  completely.  The  basis  of  his  claims  appears  to  be  the  re- 
sults which  he  says  confirm  the  work  of  Lepine  and  von  Kaufmann. 
that  the  blood  diastases  were  reduced  to  one-third,  twenty-four  hours 
after  removal  of  pancreas.  No  further  observations  were  recorded 
on  these  same  animals.  Schlesinger  also  found  that  in  a  dog  who  bad 
had  the  greater  part  of  the  pancreas  removed  for  several  months,  the 
diastases  were  decreased  conaderably.  Since  this  observer  found 
that  Ugating  the  duct  of  Wirsung  increased  the  concentration  of 
diastases  in  the  blood,  he  concludes  that  the  blood  diastases  are 
simply  amylopsin  absorbed  from  intestines  or  pancreas.  Carlson 
and  Luckhardt,  however,  found  that  the  goat  and  the  sheep  have 
practically  no  diastases  in  the  blood,  though  these  animals  on  account 
of  their  diet  obviously  secrete  abundant  amylopsin  into  the  gut. 

Borchardt  *  holds  that  the  properties  of  the  blood,  lymph  and 
liver  diastases  are  identical  and  considers  the  blood  diastases  to  be 
simply  the  liver  diastases  passed  Into  the  blood  and  lymph. 

Haberlandt '  concludes  that  the  blood  diastases  come,  at  least  in 
part,  from  the  leucocytes,  since  in  leu'cocytosis,  in  warm  blooded  as 
well  as  cold  blooded  animals,  the  body  fluids  show  increased  diastatic 
action.  He  also  claims  that  the  serum  diastases  are  increased  the 
longer  the  serum  stands  in  contact  with  the  clot,  and  consequent 
progressive  destruction  of  the  leucocytes. 

After  perfusion  sufficient  to  remove  the  blood  and  lymph,  Madeod 
and  Pearce « found  that  by  suitable  methods  of  breaking  up  the  li\"et 
cells,  an  additional  amount  of  a  glycogenolytic  ferment  is  secured, 
and  conclude  that  this  ferment  exists  as  an  endoenzyme.  But  thej* 
leave  unsettled  whether  it  is  produced  by  the  liver  ceUs,  or  brought 
to  the  liver  in  the  blood  and  fixed  by  the  liver  cells. 

Methods. 

Dogs  were  used  in  all  experiments.  The  pancreas  was  removed 
by  blunt  dissection  under  ether  anaesthesia,  care  being  taken  to  lean 
intact  the  duodenal  circulation. 

*  Schlesinger:  Deutsche  medicinische  wochenschrift,  1908,  No.  14,  p.  593. 

*  Bosceasdt;  Archiv  ftlr  die  gesammte  Physiologie,  1903,  c,  p.  359. 

*  Haberlandt:  Archiv  fUr  die  gesammte  Physiologie,  1910,  cxxxiii,  p.  175. 

*  Macleoo  and  Pearce:  This  journal,  1910,  xxv,  p.  355. 
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A  10  C.C.  sample  of  blood  was-drawn  just  before  the  operation,  and 
samples  taken  the  succeeding  day,  and  at  intervals  of  about  three 
days  thereafter  until  the  animal  died.  In  the  caseof  the  pancreatecto- 
mized  dogs  the  blood  was  drawn  from  a  cut  in  the  ear;  in  other  cases 
from  a  leg  vein  through  a  hypodermic  needle. 

For  the  determination  of  the  concentration  of  the  diastases  the 
method  used  was  that  found  satisfactory  by  Salkowski,^  Macleod  and 
Pearce,  Schlesinger,  and  previously  used  in  this  laboratory  by  Carl- 
son and  Luckhardt.  The  blood  was  defibrinated  by  stirring,  cen- 
trifugated,  serum  drawn  oS  and  placed  in  ice-box  till  used. 

A  one  per  cent  solution  of  arrow-root  starch  was  prepared  just 
before  using  by  boiling  five  minutes.  In  the  first  experiment  }/^  c.c. 
of  serum  was  added  to  25  c.c.  of  this  starch  solution  and  incubated  at 
38'*  C,  and  tested  at  one-half  hour  intervals  with  a  very  dilute  solution 
of  I  in  RI,  for  the  complete  disappearance  of  the  iodine  blue  reaction. 
As  the  end  point  was  approached,  tests  were  made  every  fifteen 
minutes.  In  the  other  experiments  30  c.c.  of  starch  solution  and 
1  C.C.  of  serum  were  used. 

The  serum  was  added  practically  simultaneously  to  the  starch  in 
uniform  flasks,  at  the  temperature  of  the  thermostat,  and  shaken 
with  the  same  intensity  for  the  same  length  of  time.  Duplicates  of 
two  to  three  samples  were  used  in  most  instances,  and  were  found  to 
agree  in  all  cases,  indicating  that  the  method  was  without  material 
error.  » 

Results. 

From  the  table  and  curves  given  it  will  be  seen  that,  on  the  day 
following  pancreatectomy,  the  diastases  are  very  markedly  decreased 
in  all  cases.  In  one  case,  (Dog  ^4)  on  the  fourth  day  after  the  opera- 
tion, there  was  a  slightly  lower  concentration  of  blood  diastases  than 
the  first  day  after  the  operation,  with  a  slight  return  toward  normal 
on  the  seventh  day,  and  on  the  tenth  day  reaching  a  level  which  was 
held  until  the  death  of  the  dog  on  the  nineteenth  day  after  the  opera- 
tion. Dog  B  showed  the  least  diastases  on  the  day  after  the  opera- 
tion, returning  by  the  seventh  day  to  a  constant  level  considerably 
below  the  normal,  which  was  maintained  till  the  dog  was  killed  on 
the  seventeenth  day.   Dog  /  behaved  similarly,  although  the  diastases 

'  Salkowsei:  Archiv  fttr  pathologisdie  anatomic  (Virchow),  iS88,  en,  p.  343. 
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fluctuated  within  narrow  limits.  In  all  these  cases  autopsy  showed 
that  all  pancreas  tissue  had  been  removed.  The  dogs  showed  the 
usual  symptoms  of  pancreatic  diabetes;  hunger,  thirst,  polyurea, 
characteristic  fatty  feces,  aod  gradual  wasting.  Fractional  coagula- 
tion of  the  blood  was  noted  a 
number  of  times  in  dogs  B  and 
/,  indicating  diminished  con- 
centration of  the  prothrombin. 
On  four  other  dogs  pancrea!- 
tectomy  was  performed,  but 
all  died  one  or  two  days  after 
the  operation.  Dog  D  showed 
FiGDBE  1.  — Dog  A,  using  2S  c.c.  of  1  per  at  autopsy  a  small  focus  of  in- 
cent  .urch  ^lution  +  H  c.c.  of  ^n.m.  ^^^^^  ^^  j^e  Ueum ;  Otherwise 
normal.  Dog  C  had  no  peri- 
toneal infection  and  no  reason  was  apparent  for  its  death.  Dog  E 
died  of  intussusception.  In  these  four  cases  there  was  the  same 
sharp  and  marked  fall  in  the  concentration  of  the  diastases  in  the 
twenty-four  hours  following  the  operation. 

In  order  to  determine  if  the  ontton 
above  results  are  in  part  or 
wholly  due  to  such  factors  as 
anaesthesia,  trauma  and  shock, 
the  foUowii^  experiments  were 
undertaken  as  controls.  Dog 
F  was  kept  under  anaesthesia 
for  the  same  length  of  time  as 
dog  £.  A  similar  abdominal 
incision  was  made  as  for  pan- 
createctomy, traction  made  on 
intestines,  duodenum  exposed  and  all  accessory  conditions  of  pancrea- 
tectomy fulfilled.  It  was  found  that  there  was  a  slight  drop  from 
one  and  one-third  to  two  hours  for  diastatic  action  to  be  completed. 
On  the  third  day  the  concentration  was  nearly  back  to  normal,  fluc- 
tuatii^  later  between  two  and  one-half  hours.  All  the  variations  in 
this  case  seem  to  be  within  the  range  of  normal  variations  of  the 
concentrations  of  the  diastases  of  the  blood. 
In  another  series  the  effect  of  ether  anaesthesia  was  studied.    In 
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Dog  H,  anaesthetized  for  three  hours,  there  was  a  fall  in  diastases 
from  one  and  one-half  to  two  and  one-sixth  hours  digestion  time, 
returning  to  normal  on  the  third  day.  In  three  other  dogs  anaesthesia 
of  two  and  one-third,  one  and  three-fourths  and  one  and  one-half 
TABLE  I. 

Rate  of  Digestion  of  Stabch  SaLUTioM  bt  Dsc's  Sesuh  aftek  caicPLETx 
PANCREATECioifr.  I.v  EXPERIMENT  A,  25  c.c  of  1  pek  ceni  Stasch  Solu- 
tion  +  H  cc.  OF  SeKOU  was  uibd.    In  otbek  Ekpebikentj  20  c.c.   of  I 

PES  CENT  STAKCa  SOLOnON  +1  C.C.  OF  Sbbou. 
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Dog  died  third  day  after  operaUon.      »  Dog  died  fourth  day  after  (deration. 

hours  respectively,  failed  to  produce  any  marked  effect,  the  diastatic 
power  of  the  blood  being  tested,  just  before  and  just  after  anaesthesia, 
and  twenty-four  hours  later. 

SUIOLUCY  AND  DiSCCSSION. 

A  study  of  the  curve  of  diastatic  concentration  in  the  blood  after 
pancreatectomy  indicates  that  the  diastases  in  the  blood  are  either 
destroyed  or  eliminated  in  a  short  time,  as  the  first  rapid  fall  comes- 
on  within  twenty-four  hours.  Their  rapid  disappearance  speaks 
for  a  constant  production  in  the  body,  since  Carlson  and  Luckhardt 
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showed  that  in  individuals  of  the  same  genus  the  concentration  of 
diastases  varies  normally  only  within  narrow  limits. 

These  experiments  also  show  conclusively  that  diastases  are  not 
formed  solely  in  the  pancreas.  Otherwise  the  curve  of  their  con- 
centration would  show  an  approadi  to  zero,  instead  of  showing  a 
slight  increase  toward  the  end. 

That  the  pancreas  plays  an  important  role  in  the  production  of 
the  diastases  or  in  their  destruction,  either  directly  or  intUrectly,  is 
indicated  by  the  following  facts.  The  diminished  concentration  of 
the  diastases  cannot  be  explained  by  the  general  condition  of  the 
animal,  as  in  our  experiments  the  failure  of  the  diastases  does  not 
keep  pace  with  the  progressive  marasmus.  Wohlgemuth,^  Carlson 
and  Luckhardt,  Macleod  and  Pearce,  found  that  the  amount  of 
diastatic  ferments  of  the  blood  was  independent  of  the  state  of  nutri- 
tion or  kind  of  food.  Therefore,  we  conclude  that  ^nce  diet  and 
condition  of  animal  does  not  necessarily  influence  the  c%>ncentration 
of  the  diastases,  and  since,  after  pancreatectomy,  this  concentration 
approaches  a  constant  level,  neither  faUing  below  a  certain  point, 
nor  returning  to  normal,  the  difference  in  diastases  must  be  due  then 
to  a  loss  of  specific  diastase  producing  function  or  altered  rate  of 
destruction,  due  directly  or  indirectly  to  removal  of  the  pancreas. 
It  does  not  seem  that  the  greater  amount  of  diastases  in  the  blood 
with  the  pancreas  intact  could  be  due  to  the  resorption  of  amylopsin 
poured  into  the  intestines,  since  the  goat  and  the  sheep,  as  found  by 
Carlson  and  Luckhardt,  have  practically  no  diastases  in  the  blood, 
though  the  nature  of  their  diet  would  necessarily  require  a  coo^derable 
amount  of  that  ferment  in  the  pancreatic  juice. 

Since  the  concentration  of  the  diastases  in  the  blood  and  in  the 
lymph  does  not  seem  to  parallel  the  hyperglycemia  and  diabetes 
after  pancreatectomy,  the  diastatic  ferments,  as  Schlesinger  has 
pointed  out,  seem  to  have  do  direct  relation  to  sugar  metabdism, 
and  as  Carlson  and  Luckhardt  suggest,  appear  to  be  waste  products. 
It  may  be,  however,  as  Schlesinger  considers,  that  in  some  mammals 
the  main  bulk  of  the  blood  diastases  are  pancreas  diastases  reabsorbed 
from  the  external  secretion.  If  this  is  so,  then  on  removal  of  the 
pancreatic  factor,  the  blood  and  lymph  diastases  remaining  would 

'  WoHiGEicirrH,  J.:  Biochemische  Zeitschritt,  1909,  xa,  p.  381. 
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be  those  of  the  liver  and  other  tissues,  such  as  the  intestinal  mucosa, 
and  possibly  the  leucocytes. 

Two  factors  must  then  be  considered  in  connection  with  the  dias- 
tases of  the  blood.  First,  the  diastases  of  pancreatic  origin,  exogenous 
in  a  sense,  and  of  no  significance  in  carbohydrate  metabolism;  and 
second,  endo-enzymes,  possibly  largely  from  the  liver,  which  before 
leaving  the  tissue  cells  may  play  an  important  r&Ie  in  the  destruction 
of  glycogen. 

The  explanation  of  the  gradual  approach  to  normal  ferment  con- 
centration after  the  initial  diminution  following  the  removal  of  the 
pancreas  in  dogs  is  not  obvious.  Further  light  must  be  sought  by 
similar  studies  on  different  mammals,  as  the  work  of  Bainbridge  and 
of  Carlson  and  Luckhardt  seems  to  show  that  cats  exhibit  much  less 
diastase  diminution  than  dogs  after  pancreatectomy.  If  the  ap- 
proach towards  the  normal  diastase  concentration  is  an  attempt  of 
the  organism  to  re-establish  the  original  equilibrium  in  the  body 
fluids,  it  would  seem  that  in  the  dog  at  least  the  blood  and  lymph 
diastases  play  some  role  In  metabolism. 

We  wish  to  express  our  appreciation  for  the  constant  help  and 
encouragement  of  Dr.  A.  J.  Carlson  during  the  progress  of  this  work. 
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THE  EFFECTS  OF  THYROIDECTOMY  OX  THE 

RESISTAXCE  OF  RATS  TO  MORPHINE 

POISOXIKG- 

Bt    W.    H.    OLDS,   JK. 

\Fntm  dt  Alb  HvriMpca  Lahiral^T  tr  tir  f  ■■ii  j  i.i  ir  Ciie«(«.S 

TN  txAct  to  test  tbe  comiDOiiIy  ucq>tol  niew  tlut  the  thyroid 
**-  sectetkin  mdMS  tbe  Uood  by  vaiy  of  tbe  tymplL.  i.  e..  tbrougb 
tbe  tbi.Toid  ind  nect  hTDpluncs.  Caiisos  and  Wod/d  applied  se\-cnl 
tests,  or  supposed  tests,  of  these  seaeDODS  to  tbe  lymfA  ooQectcd 
directly  frcHn  the  thiiTvid  gUnds.  Tbe  clnaent  tests  yielded  nega- 
tive results.  Tbb  ns  trae  eves  of  the  Hunt  acetonitril  test,  altboo^ 
Hunt  cfttmates  that  this  test  is  forty  times  idor  dedicate  than  tbe 
test  for  iodine.  Both  Hunt  and  Cailson  have  raised  the  questkni 
vbetho-  this  b  a  t^t  f<v  thvToid  stoedoiL.  or  is  dae  to  sooic  other 
constitoesu  soch  as  the  iodine  it^cli. 

The  wort  here  reported  iras  undcrules  at  tbe  sog^estion  of  Dr. 
Carison.  for  the  ]>uTpo9e  of  detgndai:^  Thelha  tbe  results  obtained 
by  Hunt  irere  due  to  the  thyrcad  SKretknis.  If  tbe  diminisbed  le- 
gstance  of  the  nt  to  morpihine  b  d'jc.  as  Hunt  believes,  to  tbe  adtfi- 
tional  amount  cii  lb\TOad  feOY-tiofi  in  the  body  of  tbe  animal,  a  <fiiDinii- 
tSon  of  the  SMxelion  by  thvTcaicciomy  ought  to  osse  an  increased 
resifaance  to  morptnne  pci?oniii£;.  Or.  arain.  if  tbe  decreased  re- 
aiUiKC  ts  due  lo  the  a<?iion  of  the  th\Toii5  9cartioii  upon  the  other 
onrass  or  tisiaxs  of  the  body.  dir&iniiDon  of  the  secretjan  should  raise 
tbe  reafjanoe,  I:  lii?  anion  b  ?iich  a  ddicate  test  for  thyroid  seoe- 
tioa  as  is  ad\-ocated.  ex'en  a  s^irhi  diminuiion  a  the  seoeAion  sboold 
taifc  aj^wedaMy  tbe  resistance  to  rooTp^iine., 

LrmATraE. 

The  Kteraturc  contains  liiue  infonnation  beaiix^  duvLtli  H)» 
the  jjuesQon,  cxnpt.  of  course^  tbe  papers  of  Hunt,  and  Hont  aad 
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Seiddl.*  Hunt  used  white  mice  to  a  great  extent  in  his  work  and 
poisoned  them  with  acetooitril.  The  effects  in  these  cases  he  found 
were  exactly  oppo^te  in  rats  to  what  they  were  in  mice.  Morphine, 
however,  acted  alike  in  both  genera. 

Thyroid  was  fed  in  varyii^  amounts  to  the  mice.  Acetonitril  was 
then  injected  subcutaneously.  Hunt's  results  show  that  the  mice 
resisted  a  dose  of  acetonitril  three  or  four  times  as  large  as  the  dose 
fatal  to  normal  mice.  Feeding  0.005  gm.  of  sheep  thyroid  per  day 
caused  the  mice  to  resist  about  eight  times  as  much  acetonitril  as  the 
controls.  Carlson  and  Woelfel  have  partly  confirmed  these  results.* 
Thyroids  that  contain  no  iodine,  or  rather  that  give  no  test  for  iodine, 
will  cause  an  increased  resistance;  yet  Hunt's  results  show  that  the 
difference  in  resistance  to  poisoning  varies  almost  exactly  as  does 
the  iodine  content  of  the  thyroids  fed. 

Hunt  applied  this  test  for  thyroid  with  blood  taken  from  patients 
suffering  with  exophthalmic  goitre.  He  fed  the  blood  to  mice  and 
poisoned  them  subsequently  with  acetonitril  as  in  the  other  experi- 
ments. In  the  first  case  the  mice  resisted  0.15  mg.  of  acetonitril  per 
gram  weight  more  than  did  the  controls.  In  another  case  the  re- 
sults were  not  conclusive,  while  in  a  third  they  were  negative.  Carlson 
and  Woelfel  made  this  same  test  with  blood  taken  from  a  typical  case 
of  exophthalmic  goitre  but  obtained  negative  results.' 

Hunt  reports  that  several  organs  of  the  body  possess  a  substance 
which  has  a  ^milar  physiological  action.  When  fed  to  mice  they 
render  them  less  susceptible  to  acetonitril  poisonii^.  He  adds, 
however,  that  these  organs  are  less  active,  possibly  because  of  a 
lower  iodine  content.  He  also  states  that  inorganic  iodine  given  in 
the  food  increases  the  re^tance  of  white  mice  to  acetonitril  poison- 
ing, but  much  less  than  thyroid  itself. 

Be^des  these  experiments  upon  mice,  Hunt  records  a  number  of 
experiments  upon  white  rats.  His  results  show  that  after  thyroid 
feeding  the  rats  are  less  re^stant  than  before  to  morphine  poisoning. 
From  his  reports  it  seems  that  feeding  thyroids  to  rats  may  lower 

*  Hunt  and  Setoell:  Hygienic  Laboratory,  1909.  Bulletin  No.  47,  Marine 
Hospital  Service  of  the  United  States. 

*  Hunt;  Journalof  biological  chemistry,  1905,  i,  p.  i;  Journal  of  the  American 
Medical  Association,  1907,  zlii,  p.  240. 

*  Casison  and  Woelfel:  This  journal,  1910,  zxvi,  p.  32. 
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their  resistance  as  much  as  ten  times.  The  controls  would  survive  a 
dose  of  morphine  ten  times  as  large  as  that  necessary  to  kill  the 
thyroid  fed  rats.  Here  also,  as  in  the  mice  experiments,  the  physio- 
logical activity  varied  almost  exactly  as  did  the  iodine  content. 


EXPERQIENTAL  METHODS. 

In  our  experiments  white  rats  were  used  throughout.  The  same 
work  is  now  being  done  in  our  laboratories  upon  white  mice  by  Mr. 
Lussky.  In  our  present  experiments  the  rats  were  all  in  first  cla^ 
condition,  being  well  fed  and .  physically  active.  They  were  thy- 
roidectomized  and  allowed  to  recover  from  the  operation.  The 
operation  is  comparatively  simple.  As  is  well  known,  the  thyroids  in 
the  rat  are  relatively  large  organs  lying  directly  upon  the  trachea. 
The  blood  supply  is  abundant.  The  superior  thyroid  aitery  comes 
into  the  gland  at  the  upper  pole.  The  inferior  thyroid  arter)'  is 
variable,  but  usually  enters  the  gland  a  few  millimetres  from  the  in- 
ferior pole.  The  recurrent  laryngeal  nerve  runs  close  to  the  gland, 
between  it  and  the  trachea,  and  is  very  closely  associated  with  the 
inferior  thyroid  vein.  If  the  recurrent  laryngeal  nerves  are  injured, 
the  animal  develops  a  peculiar  choky  respiration  which  sounds  as 
though  there  were  some  obstruction  in  the  trachea.  These  symptoms 
may  pass  off  in  from  one  to  four  days  but  frequently  end  in  death. 
But  when  the  proper  precautions  are  taken  the  operation  is  very 
successful.  The  animal  is  up  and  eating  in  from  five  minutes  to  an 
hour,  depending  upon  the  depth  of  the  anaesthesia.  In  only  one  case 
were  other  symptoms  noticed.  In  this  case  Dr.  Carlson  noticed 
typical  tetamc  spasms  seven  days  after  operation.  This  rat  died  the 
same  afternoon.  The  cause  of  these  spasms  was  probably  due  to 
removal  or  extensive  injury  to  the  para-thyroid  glands.  Other  rats 
that  died  may  have  had  similar  attacks  without  being  noticed;  for 
no  attempt  was  made  to  keep  them  under  special  observation.  In 
the  majority  of  cases,  however,  it  was  impossible  to  tell  the  operated 
rats  from  the  normal  ones  excepting  by  the  scar.  This  period  of 
recovery  extended  from  eight  to  twenty-eight  days.  The  rats  were 
then  weighed  and  injected  with  morphine,  so  many  milligrams  per 
gram  weight  of  rat,  and  the  minimum  fatal  dose  determined  as  nearly 
as  possible.    Control  rats  were  taken  in  all  cases  from  the  same  lots 
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as  the  thyroidectomized  rats  of  the  same  series.  The  fatal  dose  for 
the  controls  having  been  determined,  a  slightly  larger  dose  was  in- 
jected into  the  thyroidectomized  rats.  In  this  way  there  was  no 
waste  of  thyroidectomized  rats.  When  non-fatal  doses  are  given 
the  rats  cannot  be  used  again,  as  they  develop  some  tolerance.  The 
increased  dose  was  so  slight  that  had  there  been  any  increased  re- 
sistance this  dose  of  poison  would  have  been  readily  overcome.  In 
only  one  case  did  the  thyroidectomized  rat  overcome  the  morphine, 
but  the  increased  dose  was  so  slight  that  this  one  result  can  be  readily 
explained  upon  the  ground  of  individual  variation. 

It  might  be  argued  that  the  thyroids  were  not  completely  removed. 
All  that  can  be  said  is  that  all  visible  thyroids  were  removed.  Post- 
mortem in  all  cases  save  one  showed  that  the  glands  were  entirely 
removed.  In  the  exceptional  case  a  small  piece  of  tissue  was  found, 
at  the  site  of  operation,  that  might  have  been  thyroid  tissue.  Micro- 
scopical examination  disclosed  no  typical  thyroid  tissue,  however. 
But  even  if  the  thyroids  were  not  completely  removed,  certainly  the 
greater  part  of  thyroid  tissue  was  eliminated  and  consequently  there 
must  have  been  a  great  decrease  in  thyroid  secretion.  There  is  a 
possibility  that  the  secretion  might  be  fixed  in  the  body  tissues  or  held 
in  the  blood  and  other  fluids,  but  during  a  period  of  twenty-eight 
days  this  secretion  would  in  all  probability  be  greatly  reduced  in 
quantity,  so  that  the  supposed  test  would  still  hold  good. 

Results. 

The  results  on  the  thyroidectomized  rats  and  upon  the  normal 
controls  are  given  in  Tables  I  and  11.  It  will  be  seen  that  the  fatal 
dose  is  practically  the  same  for  both  series,  0.33  to  0.34  mgs,  per  gram 
body  weight.  It  is  therefore  obvious  that  the  removal  of  the  thyroids 
and  the  consequent  diminution  of  the  concentration  of  the  thyroid 
secretion  in  the  body  has  not  appreciably  altered  the  resistance  of 
the  rats  to  morphine. 

If  all  the  thyroid  tissue  was  not  removed,  certainly  the  greater 
part  of  it  was,  and  the  thyroid  secretion  therefore  materially  dimin- 
ished. Since  the  rate  of  destruction  of  the  secretion  is  not  known, 
we  can  only  assume  again  that  it  must  be  diminished,  at  least,  to 
some  extent  twenty-eight  days  after  the  thyroids  are  removed.   There 
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may  be  compensatioD  by  other  organs  of  the  body  after  the  thyroids 
are  removed,  but  id  this  case  the  thyroid  secretion,  which  is  the  basis 
of  the  test,  has  given  way  to  another  substance  or  substances.    This 

TABLE  11. 
Resistance  op  Normal  Rats  to  Moiphine  Poisoninq. 


Weight 

Moiphine  p«r 

gram  weight 

olrat. 

Results. 

"'  ""■       1      of  rat. 

.  Results. 

132 

0.32 

Lived 

98 

0.32 

Uved 

174 

0.42 

Died 

114 

0.32 

' 

96 

0.40 

117 

0.32 

106 

0.40 

" 

162 

0.32 

IM 

0.35 

" 

14S 

0.31 

109 

0.43 

64' 

0.34 

97 

0.43 

56' 

0.34 

99 

0.43 

" 

55' 

0.35 

99 

0,45 

58' 

0.35 

121 

0.30 

LWtd 

52 '        j         0  J6 

Died 

92 

0.43 

Died 

'  These  last  6ve  experiments  were  mftde  upon  young  rats  ill  taken  from  the  sun? 
litter  (about  ten  weeks  old).   They  were  used  simply  to  determine  how  much  varia- 
tion there  might  be  in  young  rats.    They  seem  to  show  that  young  rats  are  aUghtly 
more  resistant  to  morphme  pwsoning  than  old  ones. 

substance  coming  from  other  organs  certainly  cannot  be  thyroid 
secretion.  If  it  answers  to  the  Hunt  test,  then  the  test  b  not  one 
for  thyroid  secretion  sped&cally.  From  this  it  follows  that  the  Hunt 
test  cannot  be  used  as  a  test  for  the  concentration  of  the  thyroid 
secretion  in  the  blood  and  lymph. 

Conclusions. 

I.  Rats  will  survive  without  harmful  results  after  thyroidectomy, 
provided  the  recurrent  laryngeal  nerves  are  not  injured,  and  the 
parathyroid  glands  not  entirely  removed. 
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By  D.  J.  LINGLE. 
IFram  the  HtdS  Phytiological  LtOxiratiiTy  of  Iht  Univernly  of  ChUago.] 

NERVE  and  muscle  tissue  exhibit  a  form  of  activity  which,  from 
its  special  character,  has  received  the  name  of  tone.  This  tonic 
activity  in  muscle  seems,  in  some  respects,  to  shade  gradually  into 
what  may  be  called  its  grosser  physiological  functions,  but  in  other 
ways  it  manifests  certain  distinct  differences.  Probably  the  best  defi- 
nition of  tone,  and  the  one  harmonizing  closest  with  the  ideas  of  a 
majority  of  physiologists,  would  be:  "Tone  is  a  state  of  partial  con- 
tinuous activity  in  the  elements  of  a  tissue." '  It  is  assumed  that 
this  state  of  slight  or  partial  activity  varies  from  time  te  time,  and. 
may  be.  increased  or  decreased  from  a  certain  mean. 

Such  a  conception  is  peculiar,  and,  in  accepting  it,  we  are  compelled 
to  adopt  ideas  that  are,  to  say  the  least,  not  in  harmony  with  some 
fundamental  physiological  facts.  The  definition  postulates  a  form  of 
activity  that  is  continuous  and  seemingly  never  manifests  fatigue.  For 
example,  the  elements  in  the  wall  of  a  blood  vessel  are  in  a  state  of  tone 
during  life.  They  never  entirely  cease  to  act  and  are  never  fatigued. 
How  is  this  to  be  reconciled  with  the  fact  that  plain  muscle,  excised  and 
artificially  stimulated,  fatigues  with  ease  ?  *  Biedermann  suggests  that 
in  the  case  of  tone  we  are  dealing  with  extremely  feeble  physiological 
processes  where  the  necessary  chemical  changes  are  of  so  low  an  order 
that  katabolism  and  anabolism  balance,  and  fatigue  is  accordingly  ab- 
sent. In  other  words  tone  is  the  result  of  peculiar  and,  we  may  say,  a 
unique  form  of  physiological  activity.'  Bottazdhasendeavoredtoshow 
that  in  heart  muscle,  tone  activity  and  contraction  activity  are  functions 
of  distinct  structures.*    But  granting  this,  his  conception  impUes  that 

*  Sbekungton:  Scbateb's  Text-book  of  physiology,  1900,  ii,  p.  870, 

*  CoUN  Stewabt:  This  journal,  1901,  iv.  p.  105. 

'  Bieobruann:  ArchivfurdiegesammtePhysiologie,  ti)04,cu,  p.  S03. 

*  BoTTAZa:  This Jounutl  of  physiology,  i897,zxi, p.  I. 
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in  tone  the  sarcoplasmic  elements  are  in  a  state  of  continuous  activity 
which  simply  transfers  the  difficulty  from  one  to  another  structure. 
The  fundamental  defect  in  all  conceptions  of  tone  consists  in  this, 
that  they  violate  or  ignore  the  universal  law  that  work  produces 
fatigue,  and  necessitates  rest  for  repair.  And  further,  they  assert 
that  muscle  manifests  two'more  or  less  distinct  forms  of  activity. 
One,  the  ordinary  contraction,  the  other,  the  form  that  produces 
tone. 
■»  The  object  of  the  present  paper  is  to  present  a  possible  way  around 
this  difficulty.  It  will  attempt  to  show  that  tone  in  plain  muscle  may 
be  the  result  of  normal  and  usual  modes  of  activity;  that  the  struc- 
tures involved  work,  are  fatigued,  and  are  restored  by  periods  of  rest 
like  all  other  tissues,  but  that  tone  itself  does  not  show  fatigue  because 
of  the  peculiar  way  the  apparatus  is  used.  This  idea  has  been  gained 
by  the  histological  study  of  tissues  in  a  state  of  tone  in  the  sinus  muscle 
of  the  turtle 's  heart,  in  the  plain  muscle  of  the  intestine  and  stomach, 
and  in  the  sphincter  muscle  of  the  stomach  of  the  frog  and  pectums. 
The  conception  of  this  mechanism  of  tone  is  based  upon  an  interpre- 
tation of  what  is  seen  where  structures,  in  various  stages  of  natural  and 
artificially  produced  tone,  are  examined  with  the  microscope.  And  in 
these  examinations  it  is  assumed  we  can  determine  the  state  of  activity 
of  plain  muscle  cells  by  the  shape  of  their  nuclei.*  The  nuclei  are 
slender  and  elongated  in  resting  cells,  and  in  fully  contracted  cells  are 
short  and  oval  in  outline  *  The  correctness  of  this  assumption  is  sup- 
ported by  so  many  writers  that  it  seems  justifiable  to  use  it  as  a  basis 
in  interpreting  what  is  seen  in  tissues  in  various  conditions  of  tone. 

If  tissue,  like  the  sphincters,  is  examined  when  in  strong  tone,  it  will 
be  seen  that  many  of  the  nuclei  are  in  the  condition  characteristic  of 
fully  contracted  cells.  But  not  all.  Scattered  about,  and  mingled  with 
them,  are  other  nuclei  that  are  characteristic  of  resting  celts,  and  still 
others  that  are  apparently  in  states  of  activity  intermediate  between 

*  Henneberg:  Anatamische  Hefte,  1901,  xvii,  p.  413;  Forster:  Anatom- 
ische  Anzeiger,  1904,  xxv,  p.  338;  McGill;  The  American  Journal  of  Anatomy, 
1909,  ix,  No.  4,  p.  494. 

'  Forster  lays  considerable  stress  on  the  fact  that  he  found  the  nucleus  in  ac- 
tivity spirally  twistol.  In  my  preparations  made  as  described  on  pages  6  and  7, 
this  condition  is  rarciy  found.  I  believe  this  appearance  is  a  result  of  his  tcch- 
nitiue,  and  not  physiological. 
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the  two  extremes.  It  is  not  easy  to  get  relaxed  sphincters,  but,in  speci- 
mens approaching  nearest  this  state,  nuclei  in  all  three  stages  can  be 
found.  Some  indicate  cells  in  as  strong  state  of  contraction  as  are  the 
cells  of  tissue  in  strong  tone.  These  are  less  numerous,  however,  and 
the  number  of  inactive  cells  is  greater.  Nuclei  indicating  intennediate 
stages  of  activity  are  also  present.  A  similar  state  is  seen  in  strips  of 
plain  muscle  artificially  stimulated,  and  in  contractions  produced  nor- 
mally. Even  when  the  strip's  contraction  is  maximal  it  always  con- 1 
tains  many  resting  celts  mingled  with  active  ones,  and  also  a  propor- ' 
tion  of  intermediate  stages.  It  seems,  then,  that  when  plain  muscle 
works  normally  we  never  hnd  all  the  cells  active  at  the  same  time. 

A  similar  condition  seems  to  be  characteristic  of  sinus  tissue  from 
the  turtle's  heart.  Here  we  have  to  judge  of  the  state  of  activity  by 
the  position  of  the  muscle  bands  and  the  diameter  of  the  fibrillae.  In 
strong  tone  part  of  the  fibrillae  are  active;  others  are  resting.  And 
in  feeble  tone  fibrillae  can  be  seen  contracted  as  fully  as  any  found  in 
tissue  in  a  more  active  condition. 

Henneberg  and  Forster,  loc.  cit.,  in  their  papers  on  plain  muscle  of 
the  arterial  wall,  both  call  attenrion  to  the  fact  that  in  all  conditions 
of  the  wall  there  is  a  certain  percentage  of  cells  in  the  inactive  state. 

These  conditions,  observed  in  the  sinusof  the  heart,blood  vessels,  wall 
and  plain  muscle  when  in  artifidal  and  natural  tone,  have  suggested 
an  idea  of  tone  mechanism  somewhat  different  from  the  one  involved 
in  Sherrington's  dehnition  given  at  the  beginning  of  this  paper.  It 
may  be  that  tone  is  not  the  outcome  of  a  state  of  partial  simultaneous 
activity  of  all  the  elements  of  a  tissue;  but  is  rather  due  to  the  inter- 
lacing acUvity  of  only  a  part  of  the  elements  at  any  one  time;  that 
the  individual  elements  concerned  in  producing  tone  as  a  result  of  this 
activity  become  fatigued,  and  can  then  cease  to  work,  and  rest.  While 
these  elements  are  resting  another  set  is  active  in  their  place.  In  this 
way  the  labor  of  maintaining  tone  is  constantly  shifUng  from  tired  to 
rested  elements.  The  nuclei  of  various  stages  in  tissue  in  strong  tone 
belong,  some  to  fully  contracted  cells,  others  to  cells  that  have  been 
producing  tone  and  are  relaxing,  others  to  cells  that  are  on  their  way 
to  the  fully  contracted  state,  and  lastly,  others  that  are  in  the  resting 
condition.  With  muscle  cells  in  these  varying  states,  the  extent  of  tone 
will  be  determined  by  the  ability  of  the  fully  contracted  cells  to  move 
the  structure.    And  feeble  and  strong  tone  differ  in  the  number  of  ele- 
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ments  involved,  rather  than  in  the  extent  of  activity  in  the  individual 
elements.  (Though  this  does  not  imply  that  some  variation  in  the 
strength  of  individual  contractions  does  not  exist.) 

If  this  idea  of  the  mechanism  of  tone  is  correct  it  will  possibly  throw 
some  light  on  how  tone  rhythms  are  produced.  For  example,  if  the 
number  of  separate  elements  producing  tone  is  small,  or  if  the  transfer 
of  activity  from  element  to  element  is  slow,  the  overlapping  of  the  _ 
maxima  of  active  states  may  be  imperfect,  and  slight  periodic  weaken- 
ings of  tone  be  produced,  giving  rise  to  tone  rhythms  characteristic 
of  all  structures  that  show  this  form  of  activity.^  In  the  vessels  of 
the  bat's  wing  and  the  portal  vein  we  may  assume  that  the  rhythmic 
variations  aredue  to  incomplete  overlapping  of  groups  of  units  more  or 
less  large.  According  to  the  common  idea  of  tone  these  rhythmic  varia- 
tions are  produced  by  rhythmic  alterations  in  the  contractile  power  of 
each  element  of  the  tissue;  a  form  of  activity  extremely  difficult  to  ex- 
plain. My  idea  of  tone  implies  that  the  contractile  elements  of  plain 
muscle  producing  it  act  tike  heart  and  striped  muscle,  and  probably 
work  on  something  like  the  all  or  none  plan."  Again,  it  is  possible  this 
idea  of  tone  will  throw  light  on  the  mechanism  producing  the  form  of 
contraction  peculiar  to  plain  muscle  when  contracting  naturally,  or  as 
a  result  of  artificial  stimulation.  In  this  contraction  the  muscle 
shortens  slowly  and  elongates  with  great  slowness.  Such  tissue,  ex- 
amined histologically  at  the  height  of  contraction,  shows  resting  and 
active  cells  intermingled.  So  we  may  be  sure  not  all  the  elements  of  the 
tissue  are  active  at  the  same  time.*  And  it  may  be  pos^ble  that  in 
this  Instance  the  primary  stimulus  exdtes  a  small  number  of  cells. 
These  become  active,  and  in  turn  excite  another  set;  the  latter  work, 
while  the  former,  now  fatigued,  rest,  but  the  transmitted  stimulus  is 
feebler  and  the  contraction  correspondingly  weaker.  These  excite 
other  cells,  and  so  on.  The  mechanism  here  is  the  same  as  used  in 
producing  tone;  except  that  in  tone  the  stimulus  does  not  decline  in 
efficiency.  Such  a  mechanism  would  give  rise  to  a  feeble,  long-drawn- 
out  form  of  activity,  like  that  seen  when  plain  muscle  is  excited. 

'  Gaskell:  Journal  of  anatomy  and  physiology,  1817,  xi,  p.  730;  Bkdnton: 
Ibid.,  1884,  V,  p.  14;  BoTTAZZi:  Ibid.,  1897,  ixi,  p.  i. 

'  Keith  Lucas;  Journal  of  physiology,  1909,  xxxviii,  p.  113. 

*  K£rrH  Lucas:  Journal  of  physiology,  1904,  xxx  ,  p.  443,  has  described  the 
same  condition  in  striped  muscle. 
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Meihods. 

Obviously,  in  order  to  determine  the  histological  condition  of  muscle 
cell^  producing  tone,  we  must  have  the  power  to  kill  and  fix  the  tissue 
in  any  stage  of  its  activity.  Devices  intended  to  accomplish  .this  in 
muscle  are  few  in  number,and,  in  most  cases, unsatisfactory.  Somein- 
vestigatOFS  have  attempted  to  accomplish  this  with  solutions  of  hot 
nitric  acid  and  alcohol.  Others  have  used  freezing  mixtures,  but  with 
indifferent  success.  This  suggested  to  me  that  possibly  the  intense 
cold  of  liquid  air  might  be  more  satisfactory;  and  its  use  has  demon- 
strated that  for  plain  muscle  it  is  a  remarkably  efficient  killer.  Other 
killing  agents  are  open  to  the  disadvantage  that  while  killing  they  act 
as  stimuli.  But  in  liquid  air  we  have  an  agent  capable  of  stopping  the 
physiological  processes  in  plain  muscle  practically  instantly  without 
stimulation,  and  possessing  the  additional  advantage  of  in  no  wise  in- 
terfering with  the  subsequent  use  of  Zenker's  or  other  fixing  agent. 
Tissues  killed  in  liquid  air  and  fixed  in  Zenker's  solution  make  remark- 
ably good  histological  preparations.  The  intestinal  and  gastric  mucosa 
show  cells  in  an  excellent  state  of  preservation.  Parts  of  the  pancreas, 
accidentally  included  in  sections,  show  zymogen  granules  in  its  cells; 
something  that  cannot  be  seen  when  pancreas  is  frozen  with  liquid 
COi.  In  some  respects,  then,  the  freezing  with  liquid  air  acts  difler- 
ently  from  the  cold  of  freezing  mixtures  and  CO].  It  does  not  seem  to 
disrupt  or  damage  the  individual  .cells.  In  plain  muscle,  and  some  forms 
of  heart  muscle,  it  seems  to  produce  a  sort  of  temporary  coagulation  of 
the  muscle  substance  without  a  contraction.  When  the  ventricle  of  a 
turtle  is  dropped  into  liquid  air  it  becomes  hard  and  brittle  like  glass. 
When  it  thaws,  no  contraction  is  seen,  irritability  is  gone,  and  the 
tissue  is  in  a  peculiar  state.  It  retains  its  shape,  and  is  elastic,  unlike 
the  normal  or  dead  tissue.  Touched,  it  yields,  and  when  the  pressure 
is  removed  it  springs  back  to  its  original  shape  like  a  block  of  stiff 
gelatin.  My  method  of  using  the  liquid  air  has  been  to  attach  the  tis- 
sues to  ddicate  levers,  and  then  to  freeze  the  preparations  by  immers- 
ing them  in  the  liqiud  air,  afterward  letting  them  thaw  out  in  cooled 
Zenker's  solution.  The  method  records  changes  in  shape,  and  fixes  the 
tissue  before  the  effects  of  Uquid  air  have  fully  passed  off.  Such 
preparations  stain  beautifully  with  eosin,  haematoxylin,  Van  Gieson, 
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Mallory's  analin  blue,  etc.  When  striped  muscle,  that  is,  the  sartorius 
of  a  frog,  is  immersed  in  liquid  air,  it  instantly  contracts  sharply,  prob- 
ably as  a  result  of  the  stimulation  of  its  nerves,  for  this  contraction 
is  greatly  diminished  in  curarized  muscles.'"  It  remains  in  this  condi- 
tion until  the  muscle  is  withdrawn  from  the  liquid  air  and  pennitted 
to  thaw  in  the  air  or  in  Zenker's,  The  muscle  instantly  gives  a  second 
remarkably  extensive  rigor  shortening,  (This  agrees  perfectly  with 
L.  Herman's  description  of  the  action  of  cold  on  muscle,")  I  hope  in 
a  future  paper  to  discuss  this  point  more  fully.  It  is  only  necessary 
here  to  call  attention  to  the  marked  difference  between  striped  and 
smooth  muscles  in  this  respect.  The  differences  are  so  great  that  it 
must  seem  that  these  two  structures  are'  more  fundamentally  unlike 
than  has  been  supposed;  because  there  is  no  doubt  that  plain 
muscle  is  not  so  excited  when  treated  with  liquid  air,  and  it  does  not 
shorten  on  thawing.  As  proof  of  this,  we  can  remove  a  piece  of  muscle 
from  the  stomach  wall  of  necturus,  ^read  it  out  flat  on  a  glass 
plate,  pour  liquid  air  over  it  until  it  is  thoroughly  frozen  and  let  it 
thaw;  and  there  is  no  curling  up  of  the  edges,  crinkling,  or  any 
change  of  position  as  a  result  of  such  treatment.  Again,  if  a  strip  is 
suspended,  attached  to  a  delicately  poised  lever,  the  strip  can  be 
immersed  in  liquid  air  and  thawed  in  air  or  Zenker  without  any 
contraction.  It  is  true  a  slight  motion  of  the  lever  can  be  seen  when 
the  suspending  thread  is  wet.  This  can  be  increased  by  deeper  sub- 
mersion in  the  fluid  hence  it  is  undoubtedly  due  to  the  shrinkingof  the 
wet  thread  and  not  to  any  reaction  of  the  tissue.  The  action  of  liquid 
air  is  so  rapid  that  active  tissue  can  be  caught  in  any  stage.  In  this 
way  it  is  possible  to  get  and  compare  two  pieces  of  tissue  in  strong  and 
feeble  tone,  or  to  stop  a  piece  of  suspended  plain  muscle  in  any  stage 
of  its  contraction.  In  all  such  preparations  a  characteristic  thing  is  the 
presence  of  active  and  inactive  cells  in  the  tissue,  whatever  its  physio- 
logical condition.  It  is  difficult  to  understand  how  this  could  be  if  the 
common  idea  of  tone  is  correct.  In  feebly  contracted  muscle,  and  in 
structures  showing  feeble  tone,  fully  contracted  cells  can  be  found 
mingled  with  cells  in  intermediate  stages.    In  strongly  contracted 

'*  FoLDv:  This  journal,  1903,  U,  p.  374.  seems  to  have  failed  to  see  this  short- 
ening, and  he  apparently  thinks  the  Frozen  muscle  is  in  a  state  of  rigor,  whereas  it 
is  the  thawing  of  muscle  that  gives  its  rigor. 

"  Heruan,  L.:  Archiv  fUr  die  gcsammte  Physiologic,  1871,  iv,  p.  t88. 
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muscle  and  sphincters  where  tone  is  increased  by  artificial  stimulation, 
there  can  always  be  seen  resting  cells  mingled  with  ones  that  are  fully 
active,  and  others  in  intermediate  stages.  The  attempts  to  get  prepara- 
tions of  the  walls  of  blood  vessels  have  not  been  satisfactory.  But  such 
as  I  have,  show  the  same  state  of  the  cells,  and  weconclude  the  condi- 
tions there  must  be  the  same,  especially  since  Forster  and  Henneberg 
{he.  cit.)  have  both  described  the  presence  of  active  and  inactive 
cells  in  their  preparations  of  such  tissues.  It  has  been  suggested  that 
the  idea  advanced  in  this  paper  is  based  upon  an  artifact.  This  is 
improbable,  for  the  idea  is  founded  upon  the  existence  in  active  tissues 
of  inactive  structures,  and,  as  is  well  known  in  muscle  preparations,  the 
difficulty  is  to  get  the  inactive  forms.  Artifacts  we  would  expect  to 
have  the  form  of  abnormally  active  cells.  If  the  idea  were  based  upon 
active  structures  it  might  be  open  to  this  objection. 


Conclusion. 

The  idea  that  tone  is  produced  by  a  state  of  partial  continuous  ac- 
tivity is  unsatisfactory.  It  is  not  in  harmony  with  what  is  known  of 
normal  physiological  processes  in  muscle  glands  and  other  tissues,  and 
it  postulates  a  peculiar  form  of  activity,  differing,  in  certain  respects, 
from  the  common  modes  of  acting. 

If  the  facts  recorded  have  been  correctly  observed,  then  an  inter- 
pretation of  them  would  indicate  that  tone  is  produced  by  the  same 
form  of  activity  shown  by  muscle  cells  in  ordinary  forms  of  activity. 
It  is  attended  by  fatigue  in  the  elements  involved,  but  shows  a  uniform- 
ity of  action  because  only  a  part  of  the  tissue  is  involved  at  one  time, 
and  when  one  element  is  fatigued,  a  resting  one  takes  its  place.  Tone 
rhythms  are  produced  by  imperfect  correlation  between  active  parts. 
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THE  INFLUENCE  OF  THE  REMOVAL  OF  FRAGMENTS 
OF  THE  GASTRO-INTESTINAL  TRACT  ON  THE  CHAR- 
ACTER OF  NITROGEN  METABOLISM.  — III.  THE  EX- 
CISION OF  THE  STOMACH. 

By  a.  carrel,  G.  M.  MEYER,  and  P.  A.  LEVENE. 
\Fr0m  Iht  RoekiftUer  InslUitt  for  Mtdicai  Rttiareh,  New  York.] 

nr^HE  process  of  nutrition  is  accomplished  in  three  distinct  phases, 
■'■  those  of  digestion,  of  absorption,  and  of  assimilation.  Each  of 
these  contributes  an  equally  important  share  in  maintaining  the  in- 
tegrity of  the  adult  or  permitting  the  growth  of  the  young.  The  part 
played  in  this  process  by  the  different  fragments  of  the  digestive 
organs  has  been  the  subject  of  numerous  investigations  at  all  times. 
However,  most  of  the  efforts  thus  far  were  directed  to  the  study  of  the 
first  two  phases.  In  recent  years  valuable  contributions  have  been 
made  regarding  the  laws  governing  these  phases  of  the  process  and  re- 
garding the  mechanism  by  which  they  are  accompUshed,  It  was  found 
that  the  stomach  played  a  subordinate  r6Ie,  both  in  the  process  of 
digestion  and  absorption,  and  on  this  ground  there  developed  a 
tendency  among  physiologists  to  attribute  to  this  organ  a  very  secon- 
dary part  also  in  the  process  of  assimilation. 

In  a  previous  communication  by  Levin,  Manson,  and  Levene,'  on 
the  nitrogen  metabolism  after  gastroenterostomy,  the  observation  was 
brought  to  light,  that  after  this  operation  the  power  of  the  animals  to 
retain  and  to  as^milate  the  nitrogen  of  the  food  was  diminished. 
The  animals  maintained  their  nitrogenous  equilibrium,  but  all  the 
nitrogen  ingested  in  excess  over  the  standard  diet  was  removed  within 
the  first  twenty-four  hours  following  the  intake.  It  should  be  added 
here  that  in  the  review  of  the  literature  on  the  subject  given  in  that 
communication,  several  older  publications  regarding  clinical  observa- 
tions on  metabolism  after  gastroenterostomy  in  man  were  onutted. 

*  Levin,  Manson,  and  Levene:  This  journal,  1909-10,  zxv,  pp.  iji-153. 
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They  are  those  of  Heinsheimer,*  JosUn,'  and  Deganello.*  The  results 
obtained  by  these  writers  are  in  harmony  with  the  view  expressed  in  the 
first  article  of  this  series.  They  all  contain  records  showing  that  after 
gastroenterostomy  nitrogen  retention  is  either  totally  absent  or  is  very 
insignificant.  It  was  realized  at  the  time  of  that  publication  that  more 
convincing  information  regarding  the  rdle  of  the  stomach  in  the  process 
of  assimilation  could  be  obtained  through  the  study  of  protein  metab- 
olism on  animals  after  complete  gastrectomy. 

It  has  been  known  since  the  time  of  Czemy  and  Kaiser  *  that 
man  and  animals  may  survive  this  operation  and  remain  in  ap- 
parently good  health.  However,  there  are  recorded  comparatively 
few  investigations  of  the  nitrogen  metabolism  after  exdaon  of  the 
stomach.  The  few  reported  observations  *  were  made  on  several 
persons  operated  for  carcinoma.  According  to  these  reports  patients 
after  the  extirpation  of  the  stomach  not  only  were  capable  of  maintain- 
ing nitrogenous  equilibrium  but  at  times  retained  part  of  the  ingested 
nitrogen.  On  the  basis  of  these  observations  the  authors  reached  the 
conclusion  that  normal  metabolism  is  restored  in  man  after  gastrec- 
tomy. However,  the  conditions  under  which  the  work  was  done  did 
not  always  permit  of  a  desired  thoroughness,  and  therefore  the  con- 
clusions are  not  very  convincing.  Besides,  it  is  necessary  to  bear  in 
mind  that  the  operation  of  gastrectomy  was  i>erformed  on  individuals 
who  suffered  from  a  mechanical  difl&culty  in  receiving  nourishment, 
and  in  whom  the  stomach  was  the  focus  of  a  diseased  process  and  a 
source  of  intoxication.  Thus  the  patients  had  been,  for  a  long  time 
previous  to  the  operation,  in  a  condition  of  under-nutrition,  or  even 
in  a  state  of  partial  inanition.  After  the  operation  the  patients  are 
in  a  state  of  reconvalescence  when  the  power  of  regeneration  of  the 
tissues  is  exaggerated.  This  consideration  may  serve  to  explain  the 
pecuharity  of  the  behavior  of  the  patient  under  the  observation  of 
Deganello.  On  a  diet  containing  24.14  gm.  of  nitrogen,  in  four  days 
the  patient  retained  3.03  gm.  of  nitrogen.    This  surely  indicates  a 

*  Heinsheuer,  F.:  Mittheilunge  bus  der  Grenzgebieten  der  Medizin  iiad 
Chirurgie,  1895,  i,  p.  348. 

'  Joslin:  Berliner  klinische  Wochenschrift,  1S97,  p.  1047. 

*  Deganello,  N.;  Archives  italiennes  de  biologic,  1900,  zxsiii,  p.  131. 
'  Czerny:  BeitrSge  zur  operativen  Chinirgie,  1878. 

'  Wroblewsei:  CentralblattfUr Physiologic,  1897, xi.p.ai;  HonUAM: MOndi- 
ener  medidnJsche  Wocbenschiift,  1898,  p.  560;  Deganello:  Loc.  cit. 
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very  unusual  capadty  for  nitn^en  retention.  -  In  considering  the 
records  of  the  patients  with  gastrectomy,  it  is  also  important  to 
bear  in  mind  that  there  exists  no  evidence  that  the  removal  of  the 
stomach  was  complete. 

The  observations  on  animals  as  compared  with  those  on  men  are  not 
more  satisfactory  either  in  number  or  in  character.  Carvallo  and  Fa- 
chon  '  report  a  successful  operation  on  a  cat.  The  animal  gained  in 
weight  immediately  after  the  operation  from  1,850  gm.  to  3,255  S^i- 
But,  after  some  time,  the  condition  of  the  animal  grew  very  serious; 
it  refused  food  and  died  six  months  after  the  operation.  The  obser- 
vations of  De  FiUipi  *  on  a  dog  are  also  very  imperfect. 

In  the  present  investigation  it  was  intended  to  follow  the  plan  de- 
scribed in  the  two  previous  communications  of  this  series,*  but 
many  difficulties  presented  themselves  in  placing  the  animals  in  nitro- 
genous equilibrium,  in  mmntaining  the  uniform  nitrogen  output 
through  all  periods  of  the  day,  etc.  Finally  it  was  concluded  to  plan 
the  principal  experiments  in  periods  lasting  four  or  five  days.  Never- 
theless, the  catheterization  of  the  animals  was  performed  every  twenty- 
four  hours  and  the  feeding  took  place  at  short  intervals  (every  hour,  ten 
times  a  day).  Autopsies  performed  on  the  animals  at  the  close  of  the 
experiments  have  revealed  that  in  one  of  the  animals  a  very  small  part 
of  the  pyloric  end  —  not  more  than  1 5  mm,  in  length  —  still  remained 
unexdsed;  in  the  second  the  resection  was  complete. 

In  the  second  animal  at  no  time  was  there  observed  any  nitrogen  re- 
tention after  the  equilibrium  was  once  established;  in  the  first  animal,- 
immediately  after  the  operation  a  marked  retention,  of  nitrogen  could 
be  observed,  and  only  after  some  time,  especially  after  the  mode  of 
feeding  had  been  changed,  the  animal  removed  in  twenty-four  hours 
all  the  nitrogen  taken  in  excess  over  the  quantity  required  for  the 
maintenances  of  the  estabUshed  equilibrium.  An  attempt  to  inter- 
pret the  observations  in  detail  will  be  given  below;  here  it  suffices  to 
state  that  the  results  of  the  experiments  on  dogs  with  gastrectomy 

^  Cabvallo  and  Pachon;  Archives  de  physiologle,  1895,  vii,  pp.  349-355  and 
p^.  766-770;  also  Travaui  da  laboratoire  de  Ch.  Richet,  1895,  iii,  p.  456. 

*  Db  FnxtFi :  Deutsche  medtdnische  Wochenschri(t,  1894,  p.  780. 

*  Levin,  Manson,  and  Levene:  Lm.  cit.  and  also  Cakxel,  Meyek,  and  Le- 
vzne:  This  journal,  1909-10,  zzv,  p.  439. 
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Experiment  I.  —  On  the  aSth  of  February  the  animal  received  a  diet  con- 
toning  5.89  gm.  of  nitrogen  and  798  calories.    The  urine  was  collected 
in  four-hour  periods.   On  the  following  day  the  intake  of  the  animal  was 
raised  to  7.8a  gm.  and  871  calories.     Weight  of  dog,  12  kg. 
The  output  on  the  two  respective  days  was  the  following: 


Intake 

Output:  feces 

Absorbed 

Output:  urine 

Balance     +1.938 

Absorbed  in  excess  over  first  day 
Eliminated  in  urine  over  first  day 
Balance  between  first  and  second  day  -    =  +0.881 
Thus  there  was  noted  a  retention  of  44.5  per  cent  of  the  excessive 
nitrogen  intake.    A  normal  dog  under  similar  conditions  "  retained 
43  per  cent  of  the  excessive  intake. 

Experiment  II.  —  It  is  seen,  however,  that  at  the  time  of  the  experiment  the 
animal  was  not  yet  in  a  condition  of  equilibrium.  The  diet  was  modi- 
fied and  on  the  13th  day  of  March  the  animal  was  in  a  condition  of 
equilibrium  at  an  intake  of  3  gm,  of  nitrogen  and  S14  calories.  Weight 
of  dog,  13.06  kg. 

On  March  16  and  31  experiments  were  performed  with  a  diet  contain- 
ing a  quantity  of  plasmon  equivalent  to  1.0  gm.  of  nitrogen  in  excess 
over  the  standard  diet.    Weight  of  dog,  11.9  kg. 


Intake 

Output:  feces 

Absorbed 

Output:  urine 

Balance 

Absorbed  in  excess  over  first  day 
Eliminated  in  urine  over  first  day    • 
Balance  between  first  and  second  day 
"  Levenx  and  Mevex:  This  journal,  1910,  xxv,  p.  117. 


Standard 

diet. 
Gm.N. 

Standard  diet 
+  plasmon. 

3-000 

4.000 

0.480 

0-S5> 

a.sao 

3448 

3.600 

1.730 

-0.080 

+0.718 

0.938 
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In  these  experiments  there  was  noted  a  higher  nitrogen  retention  than 
in  the  normal  animal.  This  result  seemed  rather  paradoxical  at  the 
first  glance.  A  possible  interpretation  of  it  could  be  found  in  the  fol- 
lowing considerations.  Under  normal  conditions  the  protein  of  food 
enters  the  duodenum  only  in  form  of  primary  digestion  products,  in 
small  portions,  thus  bringing  about  a  perfect  digestion  of  the  ingested 
protein  material.  After  gastrectomy  a  lai^e  quantity  of  wholly  un- 
digested protein  reaches  the  duodenum.  The  absence  of  gastric  secre- 
tion may  lead  to  a  very  imperfect  secretion  of  the  pancreatic  juice 
and  perhaps  also  of  ere])sin.  Thus  the  protein  material  under  these 
conditions  remains  in  the  intestinal  tract  for  a  con^derable  time  undi- 
gested, and  is  absorbed  in  that  form.  The  fate  of  such  protein  in  the 
organism  one  would  expect  to  be  the  same  as  that  of  parenterally  in- 
troduced protein.  It  has  been  established  by  recent  investigators  that 
parenterally  introduced  protein  is  retained  in  the  organism  com- 
pletely, if  the  animal  is  maintained  in  a  condition  of  normal  nutrition. 
The  greater  retention  of  nitrogen  after  gastrectomy,  as  oimpared  with 
the  retention  after  gastroenterostomy,  observed  on  man,  and  in  our 
experiments,  may  be  interpreted  in  the  light  of  these  considerations. 
It  was  planned  to  subject  this  possible  interpretation  to  further  analy- 
sis. However,  before  sacrificing  the  animal,  it  was  concluded  to  extend 
the  observations,  of  the  same  character  as  described,  to  a  longer  period. 

Experiment  III. — On  April  9  an  experiment  was  begun  lasting  fifteen 
days.  It  was  divided  into  three  periods  of  five  days  each.  During  the 
first  five  days  the  intake  of  the  animal  contained  3  gm.  of  nitrogen  and 
814  calories.  The  following  five  days  the  intake  contained  4.0  gm.  of 
nitrogen  and  S46  calories,  and  the  intake  of  the  last  five  days  was  the 
same  as  the  first  period. 
The  results  of  this  experiment  were  the  following: 


First  period,  «'d  diet. 
Urine  N.         Feces  N. 


Second  period, 
st'd  diet  +  pUsmon 
Urine  ti.       Feces  N. 


Third  period,  tl'd  diet 
Urine  N.        Feces  N. 


2.40 

47S 

3.0<i 

■S*> 

2.90 

.110 

2.16 

3-41 

.596 

3.'8 

■3S4 

2-3I 

.901 

3-7S 

.619 

a-5S 

■717 

'■73 

■730 

3-62 

■583 

2.76 

.5.8 

JM 

•S40 

340 

.600 

2.60 

_j4i3 

Totals  12.14 

2.649 

17,24 

i.938 

14.09 

2.lfi2 
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Fint  jyriod.  Second  period.  Third  period. 

Intake 15.000                ao.ooo  15-000 

Output:  feces- a.650                  3.938  a.ifia 

Absorbed i^-iSO                17.062'  13.838 

Output:   urine 12.140               17.240  14.090 

Balance -f.aio                —.178  —1.35a 

Absorbed  in  excess  over  first  period  -  -  4.712 
Output  in  urine  over  first  period  -  .  -  5.100 
Balance  over  first  period      —  .3SS 

Thus  at  this  time  no  retention  of  the  additional  nitrogen  took  place. 


Experiment  IV.  —  Another  experiment  of  the  same  nature  was  performed 
beginning  April  30.  The  observations  were  made  during  eight  days. 
They  consisted  of  two  periods.  During  the  first,  the  intake  of  the 
animal  contained  3.0  gm.  of  nitrogen  and  814  calories.  During  the 
second,  4.0  gm.  of  nitn^en  and  846  calories. 
The  result  of  this  experiment  was  as  follows: 


Standard  diei. 


Urine  N. 
3.52 


St'd  die!  -I-  ptumon 


2.94 
3.26 
3.16 
3-77 
1313 

First  period. 

Intake is.ooo 

Output:  feces 1.942 

Absorbed 10.06S 

Output:  urine 9-970 

Balance +.098 


-458 
436 
-S»S 
-757 
2.176 

scond  period. 
16,000 
2-176 
13.824 

+.694 


Again,  in  this  experiment  no  nitrogen  retention  was  observed  during 
the  period  of  additional  nitrogen.  It  is  also  noteworthy  that  during 
the  first  two  weeks  following  the  operation  the  weight  of  the  animal 
was  continually  increaMng,  while  it  remained  constant  after  that 
period. 
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Thus  it  is  possible  that  after  a  time  the  secretioD  of  digestive  glands 
is  adapted  to  the  new  conditioD  and  the  digestion  of  the  ingested  pro- 
tein is  completed  in  the  intestines  without  the  aid  of  gastric  secretion. 
In  this  phase  the  animals  find  themselves  in  a  condition  similar  to 
gastroenterostomy  and  the  nitrogen  retention  becomes  minimal. 
This  interpretation  seems  very  plausible.  However,  the  autopsy  of  the 
animals  revealed  another  condition  which  ofiers  a  basis  for  another  in- 
terpretation for  the  difference  in  the  fate  of  the  additional  nitrogen  of 
the  diet  at  the  period  immediately  following  the  operation  and  at  a 
considerably  later  period.  Namely,  it  was  noted  on  the  autopsy 
that  the  upper  part  of  the  duodenum  had  undergone  a  considerable 
dilatation  and  its  walls  a  marked  hypertrophy.  Thus  it  is  posable 
that  this  artificial  sack  served  as  a  mechanism  regulating  the  transfer 
of  the  food  to  the  intestines  and  in  this  manner  rendering  intestinal 
digestion  more  complete. 

Dog  n.,  weighii^  14-36  kg.,  was  operated  on  the  7th  of  January. 
Soon  after  the  operation,  the  animal  developed  distemper.  It  slowly 
recovered  health  and  on  the  4th  of  April  it  was  possible  to  begin  the 
observations  on  the  nitrogen  metabolism  of  this  animal.  At  that  time 
the  animal  was  in  nitrogenous  equilibrium. 

Experiment  I  (April  4).  —  Food  contained  5.39  gm.  nitrogen  and  756  calo- 
ries; the  weight  of  the  animal  was  11. i  gm.  The  following  day  the 
animal  was  given,  in  addition  to  the  standard  diet,  a  quantity  of  plas- 
mon  equivalent  to  i.o  gm.  of  nitrogen,  and  on  the  day  following  this, 
again,  the  standard  diet.  The  output  in  the  three  respective  days 
was  the  following: 

First  day.  5e<xiDd  day.        Third  day. 

Gm.  N.  Gm.  N.  Gm.  N. 

Intake 5.19  6.39  5.19 

Output:  feces 0.66  0.69  1.33 

Absorbed 4.63  5.60  3.96 

Output:  urine 4.73  5. 68  4.49 

Balance —.09  —.08  —.53 
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Experiment  II.  —  This  experiment  lasted  fifteen  days.  In  course  of  the 
first  five  days,  the  animal  recdved  the  standard  diet  of  the  first  ex- 
periment; in  the  second  period,  also  of  five  days,  the  animal  received 
daily,  in  addition  to  the  standard  diet,  a  quantity  of  plasmon  equivalent 
to  I  gm.  of  nitrogen,  and  during  the  third  period  the  intake  again  con- 
usted  of  the  standard  diet.  The  nitrogen  balance  during  each  of  the 
three  periods  was  as  follows: 

'"^rsL^.     Thwp.™d,.,.dd«t 


Urine  N, 

Feces  N. 

urine  N. 

Feces  N. 

Urine  N. 

Feces  ^ 

S.46 

.469 

6.S2 

1.010 

SSS 

.580 

5.90 

■MO 

6.3! 

1.165 

6.08 

.790 

S-6o 

•546 

6>3 

1.08s 

6.10 

.661 

S.So 

.840 

6.34 

.745 

6.00 

•43> 

SSo 

■839 

6.49 

I.176 

6.00 

.7»8 

Totals  aS.afi 

3.684 

31.80 

S.181 

=9.73 

3.191 

Firs!  period.  Second  period. 

Gm.  N.  Gm.  N. 

Intake 36.450  3i-4S 

Output:  feces ....       3.684  g.iSr 

Absorbed 32,766  26.519 

Output:  urine    ,    ,   ,    .      38.260  31.800 

Balance —  S-494  —5-481 


Absorbed  in  e 


s  over  first  period     .    ■  3-553 

le  in  excess  over  first  period    3.540 


Balance 


+0.013 


Thus  also  in  this  experiment  no  retention  of  nitrogen  was  observed. 
It  was  also  noted  that  notwithstanding  the  intake  to  maintain  the 
equilibrium  of  a  normal  animal  of  the  same  weight,  this  animal  was 
losing  both  nitrogen  and  weight. 


ExperimetU  III.  —  This  experiment  was  performed  in  order  to  test  the  cor- 
rectness of  the  assumption  that  the  very  high  rate  of  nitrogen  reten- 
tion observed  in  the  first  dog  in  the  experiments  performed  soon  after 
the  operation  was  occasioned  by  the  absorption  into  the  circulation  of 
the  unchanged  protein. 
The  animal  at  the  time  was  receiving  a  diet  containing  5.39  gm.  of 
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nitrogen  and  900  calories.  On  the  29tli  and  30th  of  April  the  animal 
received  a  subcutaneous  injectioD  of  191  cc.  horse  serum  containing 
3.09  gm.  of  nitrogen.  The  serum  had  been  previously  heated  to  60°  C. 
for  thirty  minutes.  The  nitrogen  balance  two  days  previous  to  the 
injection  and  on  the  day  of  the  injection  was  the  following: 

Srd  diet  +  hone  strum 
Sl'd  diet.         Ill  c.e.  -  12\  gm.  N. 
subcutaneously. 

Intake 5.29  6.50 

Output:  feces .607  .624 

Absorbed 4.683  5.876 

Output:  urine 6.050  6.25 

Balance     —1-367  —-374 

Thus  all  the  nitrogen  received  by  the  animal  parenterally  was  re- 
tained in  the  organism  in  the  same  manner  as  the  nitrogen  of  the  addi- 
tional diet  in  the  early  experiments  on  the  first  dog. 

Experiment  IV.  —  This  experiment  lasted  six  days  and  consisted  of  two 
three-day  periods.  During  the  first  period  the  diet  contained  5.39  gm. 
of  nitrogen  and  900  calories;  during  the  second  period  it  cont^ned  addi- 
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animal  was  the  same  as  in  the  dogs  with  gastroenterostomy,  and  the 
same  as  in  the  later  experiments  on  the  first  animal  with  gastrectomy. 
In  order  to  interpret  the  divergence  in  the  early  experiments  on  the 
first  and  the  second  animals  it  must  be  borne  in  mind  that  the  obser- 
vations on  the  second  animal  were  begun  on  the  twelfth  week  after 
operation;  that  in  the  first  animal,  in  the  experiments  performed  at 
the  lapse  of  only  ten  weeks  after  the  operation,  already  no  nitrogen  re- 
tention was  observed  after  the  additional  intake.  On  the  other  hand, 
the  autopsy  of  this  animal  revealed  that  the  extirpation  of  the  stomach 
on  this  animal  was  complete. 

We  are  indebted  to  the  kindness  of  Dr.  E.  L.  Opie  for  the  following 
report  on  the  autopsy:  —  The  mucous  membrane  is  2  mm.  in  thickness, 
the  villi  appear  to  be  considerably  larger  than  normal  and  the  glands 
longer;  otherwise,  the  tissue  appears  to  be  normal. 

StnoiAKY. 

1.  Observation  on  the  fate  of  the  nitrogen  intake  received  in  addi- 
tion to  that  of  the  standard  diet  was  studied  on  two  animals  with 
gastrectomy. 

2.  In  the  first  animal  there  was  noted  a  high  nitrogen  retention  in 
the  experiments  performed  early  after  the  operation,  and  no  retention 
in  the  experiments  performed  after  the  tenth  week  following  the 
operation. 

3.  The  observations  on  the  second  animal  were  begun  on  the 
twelfth  week  after  the  operation.  Three  experiments  were  performed 
on  the  animal  and  no  nitrogen  retention  noted  in  any  one  of  them. 

4.  The  autopsy  revealed  that  in  the  first  animal  a  small  part  of  the 
pyloric  end,  not  more  than  15  mm.  in  length,  remained  unexdsed. 
The  extirpation  of  the  stomach  in  the  second  animal  was  complete. 

5.  Farenterally  introduced  protein  (in  addition  to  the  standard  diet) 
was  completely  retained  in  the  organism. 

6.  An  analysis  was  made  of  the  possible  conditions  which  might 
have  occasioned  the  divergence  in  the  behavior  of  the  additional  ni- 
trogen in  the  experiment  following  early  after  the  operation  and  those 
after  a  lapse  of  about  ten  weeks. 

7.  The  view  was  analyzed  that  immediately  after  the  operation  not 
only  the  gastric  secretion  was  missing,  but  also  the  pancreatic  and  in- 
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ON  THE  PHARMACOLOGICAL  ACTION  OF  URANIUM. 
By  D.  E.  JACKSON. 

(In  CoLL:iKi>ATion  WITH  F.  C.  MANN.) 
[From  Ike  Laboralory  of  Pkyiiology  and  Pharmacology  of  Indiana  University.] 

THE  various  compounds  of  uranium  have  never  occupied  a 
prominent  place  in  the  field  of  practical  therapeutics.  The 
element  possesses  marked  toxic  properties,  and  but  few  scientific 
suggestions  have  ever  been  made  concerning  the  utilization  of  any 
of  its  pharmacological  actions  in  the  treatment  of  disease. 

A  brief  survey  of  the  literature  is  sufiSdent  to  convince  one  that 
the  physiological  actions  of  this  substance  have  by  no  means  been 
completely  determined.  Perhaps  the  most  complete  and  satisfactory 
study  of  the  physiological  action  of  uranium  which  has  yet  appeared 
was  published  in  i8qo  by  Woroschilsky.*  Valuable  work  was  also 
done  by  Chittenden*  and  his  colaborers  in  1885-86.  Recently  some 
attentioD  has  been  given  to  uranium  as  a  convenient  agent  for  the 
production  of  certain  forms  of  experimental  edema.* 

This  article  will  deal  with  only  three  general  phases  of  the  pharma- 
cological action  of  this  metal,  viz.,  first,  the  action  of  the  substance 
on  the  secretion  of  lymph;  second,  its  action  on  the  circulation  and 
respiration,  and  third,  its  action  on  the  blood. 

If  sodium  uranate  be  added  to  a  strong  aqueous  solution  of  tar- 
taric acid,  a  soluble  compound  of  uranium  will  be  formed  which  may 
be  used  for  intravenous  injections  without  precipitation  of  the  blood. 
It  is  usually  necessary  to  add  a  small  amount  of  sodium  hydrate  in 
order  to  completely  neutralize  the  tartaric  acid  after  the  desired 
amount  of  sodium  uranate  has  been  added.    It  is,  however,  probably 

'  Woroschilsky:  Arbeiten  des  phannakologischen  lostituts  zu  Dorpat,  1890, 
V,  p.  I. 

<  CmxTENDEN:  Studies  from  the  Sheffield  Scientific  School,  1885-S6,  i,  ii,  Ui. 
*  Peaxce:  The  archives  of  internal  medidne,  June,  1909. 
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slightly  more  convenient  to  proceed  as  did  Woroschilsky  in  making 
the  double  salt.  Nearly  all  of  the  following  experiments  have  been 
perfonned  with  solutions  made  up  after  this  method.  It  consists 
in  heating  uranium  nitrate  in  a  crucible  until  all  the  add  is  driven  off 
and  the  reddish-brown  oxide  (U0»)  has  been  formed.  The  oxide  is 
then  carefully  weighed  and  from  this  weight  the  percentage  strength 
of  the  solution  is  calculated.  The  oxide  is  placed  in  a  smalt  amount 
of  distilled  water,  heated,  and  small  quantities  of  tartaric  acid  are 
added  from  time  to  time  until  the  oxide  is  dissolved.  The  slight 
excess  of  tartaric  add  which  is  usually  found  to  be  present  is  neutral- 
ized with  sodium  hydrate,  using  phenolphtbalein  as  an  indicator. 
The  solution  is  then  diluted  with  distilled  water  until  the  desired  per- 
centage is  obtained.  The  neutralized  solution  is  of  a  bright  golden- 
yellow  color.  I  have  used  in  nearly  all  cases  a  2  per  cent  solution 
of  the  red  oxide  (UOt),  the  percentage  being  based  on  the  relation  of 
the  weight  of  the  oxide  used  to  the  amount  of  the  solution  when 
changed  into  the  double  salt  (sodium  uranium  tartrate)  and  com- 
pletely diluted.  A  solution  made  up  in  this  manner  gives  no  visible 
predpitate  of  egg  albumen,  blood  nor  senim  when  added  to  either 
of  these  protdd  solutions  in  a  test  tube.  It  possesses  moderate  anti- 
septic power,  but  some  fungi  grow  readily  in  2  per  cent  solutions  of 
it.  It  the  solution  be  made  slightly  add,  it  gains  greatly  in  antiseptic 
power  and  will  also  predpitate  proteids.  Addition  of  a  little  sodium 
hydrate  will  again  dissolve  the  proteid  predpitate  which  is  also 
soluble  in  an  excess  of  the  albumen. 

The  administration  of  sufSdent  quantities  of  uranium  to  an  animal 
is  usually  followed  within  a  few  days  by  albuminuria,  glycosuria, 
parenchymatous  degenerations,  gastro-intestinal  disturbances,  pa- 
ralyses, and,  according  to  most  observers,  certain  marked  pathological 
changes  are  found  in  the  blood  vessels. 

Action  on  lymph  flow:  —  The  effect  of  uranium  on  lymph  ffow 
may  best  be  described  by  the  following  protocol  of  one  of  my 
experiments, 

Feb.  18,  1910.  —  Dog,  male,  yellow,  weight  18  kilos,  in  good  condition. 
Twelve  hours  previously  the  animal  had  eaten  some  meat,  no  other 
solid  food  taken  before  the  experiment.  Etherized  and  placed  upon 
the  operating  table.    Arrangements  made  for  artificial   respiration 
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when  needed.  Blood  pressure  taken  from  right  carotid  arteiy,  injec- 
tions made  into  the  left  femoral  vein.  Chest  opened  a  little  at  the 
apex  and  a  cannula  placed  in  the  thoracic  duct.  Normal  lymph  flow 
was  37  drops  in  fifteen  minutes,  i.  e.  uyi  drops  in  each  five  minutes. 
Normal  time  required  for  clotting  of  the  lymph  was  four  and  one-half 
minutes.  Lymph  was  thin  and  somewhat  ^>palescent,  i.  t.  fat  was 
present  but  not  abundant. 

11.22,  Injected  10  c.c.  of  a  2  per  cent  (UOi)  solution  of  sodium 
uranium  tartrate.  In  the  next  five  minutes  12  drops  of  lymph  were 
secreted. 

II. z8.  Injected  10  c.c.  of  drug.  In  the  next  five  minutes  16  drops 
of  lymph  were  secreted. 

11.34.  Injected  10  c.c.  of  drug.  Lymph  flow  13  drops  m  five 
minutes. 

Lymph  dots  readily  after  30  c.c.  of  drug  had  been  injected.  Hence 
not  more  than  traces  of  the  uranium  could  be  present  in  an  active 
form  in  the  secreted  lymph,  for  the  addition  of  a  very  smaQ  amoimt 
of  the  drug  to  the  lymph  out^de  the  body  prevents  clotting. 

tt.42.  Blood  pressure  fallen  about  one  half.  Muscular  tremors 
well  marked  but  weaker  than  with  eserine.  Lymph  remains  clear 
and  opalescent.    No  noticeable  increase  in  the  rate  of  flow. 

11.56.  Lymph  still  dear,  no  traces  whatever  of  any  blood  streaks. 

11.57.  Injected  30  c.c.  of  drug  to  kill  the  animal.  Urinated,  con- 
vulsions, tremors.  Slight  increase  and  then  a  decrease  in  rate  of 
lymph  flow. 

12.00.  Artificial  respiration  stopped  and  animal  died  of  asphyxia. 
Was  still  in  fair  condition  just  before  death. 

In  this  case  observations  upon  the  tymph  flow  were  continued  for 
only  about  three  quarters  of  an  hour,  but  the  results  are  perfectly 
typical  of  those  obtained  in  other  cases  in  which  observations  were 
carried  on  for  a  much  longer  time.  In  some  instances  a  very  slight 
increase  over  the  normal  is  obtained.  I  believe  this  to  be  due  not  to 
any  specific  action  of  the  drug  on  the  formation  of  lymph  but  rather 
to  the  muscular  movements  of  the  visceral  organs,  and  in  case  of 
convulsive  contractions  of  the  skeletal  musdes  in  general  these  prob- 
ably also  help  to  force  a  few  extra  drops  of  lymph  out  of  the  thoradc 
duct  or  its  immediate  branches.  The  increased  muscular  movements 
are  probably  partly  due  to  a  slight  stimulation  of  the  motor  endings 
in  striated  musde.    There  seems  also  to  be  a  dearly  defined  but 
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at  least  partly  doe  to  a  sU^t,  coDtinaous,  but  gradually  increasiDg 
stiinulatioo  of  tfae  \-a£o-coQ5trictor  centre  in  tlie  medulla.  This 
stuBolation  is  probaUy  due  in  part  to  a  sort  of  compensator)'  (as- 
pbyxial)  action  by  which  the  circulation  tries  to  counterbalance  the 

"A 
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frm)  a  60%.    Tlw  tniildlc  cunr  is  Ihe  timr  ia  srccoils.    Tb«  •ani^bt  line  marks 
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gradually  progressing  depresaon  of  the  resf«rator>'  centre.  The 
increased  volume  of  blood  caused  by  the  rapid  introduction  of  S  or 
10  ce  of  fluid  into  the  circulation  usually  produces  a  slight  rise  of 
Uood  pressure  lasting  about  as  long  as  the  injection  continues.  I 
have  observed  that  this  ele\-ation  is  often  followed  by  a  slight  fall 
which  b  also  transient  and  may  amount  to  20  or  25  mm.  1' mercury' 
inaiKMneter)  fFig.  i).  I  belie\-e  this  fall  is  mainly  due  to  a  direct 
dcjvessant  action  on  tfae  heart,  for  it  abo  occurs  after  section  of  the 
vagi,  and  scunetimes  I  have  noted  after  targe  injections  that  tfae  faeart 
may  weaken  and  miss  one  <x  two  beats  and  then  gradually  regain  its 
Donnal  strength.  This  may  also  occur  after  section  of  the  x-agi.  Se\-en 
or  8  ex.  of  a  3  per  cent  sotutitm  (COi  changed  to  the  double  salt) 
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generally  produces  a  rise  of  about  50  mm.  of  mercury  in  a  medium- 
sized  dog.  Electrical  stimulation  of  a  vagus  nerve  stops  the  heart 
after  repeated  large  injections  of  the  substance.  Incidentally  it  may 
be  mentioned  that  the  secretory  endings  of  the  chorda  tympani  in 
the  submaxillary  gland,  the  endings  of  the  phrenics  and  the  motor 
endings  of  the  sciatic  remain  active  throughout  the  intoxication. 
Injection  of  2  per  cent  solution  of  uranium  nitrate  causes  a  marked 
transient  fall  in  blood  pressure  which  could  scarcely  be  distinguished 
from  the  action  of  amyl  nitrite.  Uranium  acetate  also  causes  a  low»- 
ing  of  pressure.  Disodium  tartrate  caused  no  effect  upon  the  circula- 
tion aside  from  the  increased  volume  of  fiuid  in  the  vessels. 

Action  on  the  reBpiratioii-  —  Injection  of  moderate  amounts  (7  to 
10  c.c.)  of  2  per  cent  solution  of  the  double  salt  caused  a  very  slight 
increase  in  both  rate  and  depth  of  respiration  (Fig.  i).  The  immedi- 
ate cause  of  death  is  respiratory  paralysis.  Uraniimi  has  long  been 
supposed  to  possess  an  action  somewhat  resembling  that  of  hydro- 
cyanic acid.'  I  find  its  stimulating  effect  upon  the  respiration  to  be 
much  smaller  than  that  of  the  cyanides.  Early  in  its  action  the  de- 
pression of  the  respiratory  centre  becomes  evident.  After  a  time  the 
respiration  ceases  but  the  circulation  remains  in  good  condition  and 
if  artificial  respiration  be  given  the  animal  may  be  kept  alive  for  a 
long  time.  Normal  respiration  does  not  return  until  after  ten  to 
thirty  minutes  if  it  is  reinstated  at  ail.  The  cessation  of  the  breathing 
is  usually  rather  rapid  and  there  is  but  little  tendency  toward  Cheyne- 
Stokes  respiration  as  is  often  seen  with  the  cyanides.  I  have  repeat- 
edly noticed  when  the  respiration  had  become  greatly  depressed  that 
the  injection  of  another  dose  of  the  substance  would  tend  to  revive 
the  animal,  apparently  very  much  in  the  same  way  as  the  cyanides. 
This  is  probably  due  mainly  to  a  slight  direct  stimulation  of  the  central 
nervous  system,  for  the  effect  comes  on  immediately  after  injection 
of  the  druK.  The  remarkable  specific  deoression  which  this  substance 
ezercis) 
regular 
adminii 
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This  may  be  due  to  the  gradually  progressing  central  paralysis,  but 
it  may  also  be  contributed  to,  in  part  at  least,  by  some  specific  action 
<Hi  the  blood.  The  view  has  been  generally  held  of  late  years  that 
uranium  retards  the  reduction  of  the  oxyhemoglobin  in  the  tissues. 
I  shall  refer  to  this  point  again. 

Action  on  the  blood.  —  Uraniimi  and  the  cyanides  both  prevent 
coagulation  when  added  in  sufficient  quaoUties  to  drawn  blood.  Is 
this  action  the  same  in  each  case?  I  have  attempted  to  throw  some 
light  on  this  question  by  trying  the  action  of  the  drugs  on  certain 
common  ferments. 

If  an  aqueous  extract  of  potato  peelings  be  treated  with  a  small 
amount  of  tincture  of  guaiac,  an  oxidizing  ferment  from  the  potato 
will  at  once  oxidize  the  guaiac  over  to  a  blue  compound.  If  a  uranium 
solution  (either  the  acetate,  nitrate  or  double  salt)  be  added  to  the 
aqueous  extract  before  the  tincture  of  guaiac  is  poured  in,  there  will 
be  no  hindrance  whatever  to  the  normal  change  over  to  the  blue 
compound.  Apparently  uranium  exercises  no  inhibitory  power  at 
all  upon  this  ferment.  If  a  solution  of  potassium  cyanide  be  added 
to  the  aqueous  extract  before  the  tincture  of  guaiac  is  added,  then  no 
blue  color  will  appear  at  all.  Evidently  hydrocyanic  acid  acts  dif- 
ferently from  uraniimi  upon  this  ferment. 

When  normal  blood  is  treated  with  hydrogen  peroxide,  a  marked 
evolution  of  gas  is  at  once  produced.  If  a  solution  of  uranium  (either 
the  acetate,  nitrate  or  double  salt)  be  added  to  the  blood  before  the 
hydrogen  peroxide  is  added,  the  formation  of  gas  is  in  no  wise  hindered. 
Apparently  the  reaction  takes  place  exactly  the  same  as  in  normal 
blood.  When  blood  is  treated  with  a  cyanide  and  then  hydrogen 
peroxide  is  added,  it  is  generally  stated  that  no  gas  at  all  is  produced. 
As  a  matter  of  fact  a  very  little  gas  is  usually  formed,  but  the  reaction 
is  entirely  different  from  that  produced  by  the  hydrogen  peroxide  on 
normal  blood  or  in  the  presence  of  uranium.  Evidently  uranium  and 
hydrocyanic  add  manifest  different  properties  so  far  as  this  reaction 
is  concerned. 

If  normal  blood  be  treated  with  a  little  tincture  of  guaiac,  a  yellow- 
ish mixture  is  obtained  but  no  blue  compound  is  produced.  Addition 
of  a  little  hydrogen  peroxide  to  the  mixture  at  once  causes  a  great 
evolution  of  gas  and  the  development  of  a  deep  blue  color.  The 
B  of  some  of  the  earlier  formed  yellowish  substance  gives  the 
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whole  mixture  a  deep  greenish-blue  appearance.  If  the  experiment 
be  repeated  in  the  same  manner  but  with  the  addition  of  a  little 
uranium  solution  to  the  blood  before  the  hydrogen  peroxide  is  added,  a 
profuse  evolution  of  gas  and  the  formation  of  a  deep  greenish-blue 
color  is  at  once  observed.  The  reaction  appears  to  take  place  exactly 
as  it  would  if  no  uranium  had  been  added.  When  a  cyanide  b  sub- 
stituted in  place  of  the  uranium  in  the  above  experiment,  no  gas  is 
formed  but  the  deep  greenish-blue  color  at  once  makes  its  appearance. 
Evidently  in  this  case,  so  far  as  the  development  of  the  blue  compound 
is  concerned,  neither  uranium  nor  the  cyanides  exercise  any  notice- 
able inhibitory  activity.  The  formation  of  the  blue  compound  in 
this  case  seems  to  be  separate  and  independent  from  the  formation 
of  the  methsmoglobin.  Inddently  these  experiments  show  that  the 
ferment  in  potato  peelings  which  causes  the  guaiac  to  be  oxidized  to 
the  blue  compound  is  by  no  means  so  resistant  as  the  corresponding 
ferment  in  blood,  for  cyanides  stop  the  action  of  the  former  and  not 
that  of  the  latter. 

The  general  results  of  these  experiments  may  be  summed  up  id  a 
few  words.  Cyanides  and  uranium  act  differently  on  some  ferments 
but  apparently  have  the  same  or  possibly  exert  almost  no  action  on 
others.  Unfortunately  these  conclusions  caimot  throw  any  light 
upon  the  question  of  the  similarity  or  the  difference  in  the  methods 
by  which  cyanides  and  uranium  prevent  the  coagulation  of  blood.  It 
is  to  be  noted,  however,  that  uranium  does  not  inhibit  the  actions 
of  these  ferments.* 

It  was  shown  by  Collingwood '  that  if  a  2  per  cent  solution  of 
disodiuro  hydrogen  phosphate  (NaiHPOj)  be  added  to  blood  (in  any 
amount  up  to  an  equal  volume)  and  the  free  caldum  ions  be  thus 
precipitated  out,  the  blood  would  still  clot,  but  a  somewhat  longer 
time  (one  half  hour)  was  required  for  the  completion  of  the  process 
than  was  necessary  in  the  case  of  normal  blood.    The  usual  test  for 
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ddeoce  might  fumish  an  opportunity  to  determine  something  concern- 
ing the  action  of  uranium.  Since  sodium  uranium  tartrate  does 
not  precipitate  dilute  calcium  chloride  solutions,  we  would  expect 
some  sort  of  proteid  combination  to  be  formed  by  the  uranium,  or 
the  presence  of  the  metal  may  in  some  way  check  the  action  of  the 
ferments.  At  any  rate,  if  it  should  be  possible  to  add  sufficient  phos- 
phate to  precipitate  all  the  tree  caidum  in  the  blood  (and  still  leave 
an  excess  of  phosphate  ions  free  (?)  in  the  plasma),  then  the  addition 
of  an-  equal  volume  of  a  2  per  cent  solution  of  disodium  hydrogen 
phosphate  to  blood  which  has  been  prevented  from  clotting  by  the 
previous  addition  of  the  smallest  effective  quantity  of  uranium  might 
cause  clotting  to  take  place,  this,  however,  being  dependent  upon  the 
nature  of  the  uranium  action.  If  it  were  merely  inhibiting  the  fer- 
ments by  its  presence  in  solution,  clotting  ought  to  occur.  If  it  were 
loosely  bound  to  some  proteid  element,  dotting  would  probably  occur. 
If  it  should  be  firmly  combined  with  some  proteid  absolutely  essential 
to  dot  formation,  dotting  would  probably  not  occur. 

A  series  of  experiments  were  carried  out  to  test  this  point.  Per- 
fectly fresh  blood  was  obt^ned  from  etherized  dogs  and  was  used 
immediately  after  withdrawal  from  the  right  femoral  artery.  It  was 
foimd  that  if  a  small  amount  (one  tenth  volume  of  2  per  cent  solution) 
of  sodium  uranium  tartrate  be  added  to  fresh  blood  and  clot  forma- 
tion be  thereby  prevented,  then  the  addition  of  a  '■2  per  cent  solution 
of  disodium  phosphate  (NaiHPO*)  in  any  amount  up  to  one  half  of 
the  total  volume  would  not  cause  dotting  to  occur.  Nor  would  the 
addition  'of  caidum  chloride  'solution  cause  the  blood  to  clot,  either 
before  or  after  the  addition  of  disodium  phosphate.  This  would 
indicate  that  either  the  ferments  or  some  of  the  proteid  elements  of 
the  blood  had  been  affected  by  the  uranium  and  that  its  action  is 
different  from  that  of  the  osialates,  for  the  careful  addition  of  a  slight 
excess  of  caidum  chloride  causes  oxalated  blood  to  clot.  Again,  the 
action  of  uraniimi  in  preventing  clot  formation  differs  from  that  of 
the  fluorides  in  at  least  two  particulars.  The  addition  of  a  small 
amount  of  thrombokinase  derived  by  aqueous  extraction  from  minced 
spleen  and  lymphatic  glands  causes  blood  treated  with  potassium 
fluoride  to  dot  in  almost  the  normal  time.  The  addition  of  throm- 
bokinase b  entirely  without  effect  upon  blood  treated  with  uranium. 
Also,  if  a  small  excess  of  caidum  chloride  be  added  cautiously  to 
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blood  treated  with  a  fluoride  solution,  clotting  will  occur.  As  stated 
above,  addition  of  calcium  does  not  cause  clotting  in  blood  containing 
uranium.  It  was  supposed  by  Rettger '"  tliat  the  fluorides  act  by 
combining  with  the  calcium  to  form  calcium  fluoride,  which  in  turn  is 
bound  in  some  way  to  a  portion  of  the  protein.  It  may  be  that  ura- 
nium acts  in  some  such  way,  but  it  is  to  be  noted  that  blood 
treated  with  uranium  and  blood  treated  with  fluorides  react  in 
an  entirely  different  manner  toward  calcium  and  thrombokinase. 
It  may  be  further  mentioned  that  dialysis  causes  fluoride  blood  to 
clot.  I  was  unable  to  detect  the  formation  of  any  true  clot  in  uraniiun 
blood  after  twenty-four  hours  of  dialyzing  in  running  (tap)  water. 
Uranium  acts  differently  from  magnesium  sulphate  inasmuch  as  the 
addition  of  thrombokinase  causes  clotting  in  blood  treated  with  that 
salt.  And  further,  magnesium  sulphate  blood  may  be  made  to  dot 
by  sufficient  dilution  with  salt  solution.  No  amount  of  dilution  will 
cause  clotting  in  blood  treated  with  uranium. 

It  might  be  questioned  as  to  whether  or  not  disodium  phosphate 
would  precipitate  out  all  the  uranium  when  added  to  blood  which  had 
been  treated  with  that  metal.  If  to  a  Ringer's  or  similar  salt  solution 
to  which  a  small  amount  (one  tenth  volume  of  2  per  cent  solution) 
of  sodium  uranium  tartrate  has  been  added  there  be  further  added  a 
slightly  larger  quantity  (one  fourth  volume  of  2  per  cent  solution)  of 
disodium  hydrogen  phosphate,  a  marked  precipitate  will  soon  be 
produced.  Mainly  calcium  phosphate  comes  down  at  first,  but  after 
a  little  time  it  appears  that  the  uranium  also  is  precipitated,  for  if 
blood  be  added  to  the  clear  filtrate  clotting  will  occur  in  approximately 
the  normal  time.  And  if  the  precipitated  calcium  and  uranium 
phosphate  be  washed  with  a  little  distilled  water,  dried  and  then  after 
commiaution  with  a  little  normal  salt  solution  be  added  to  blood, 
clotting  will  occur  in  about  the  normal  time.  It  would  appear,  then, 
that  pure  uranium  phosphate  is  sufficiently  insoluble  in  blood  to  be 
unable  to  prevent  dot  formation.  (This  abo  holds  good  for  sodium 
uranate  which  is  insoluble.)  It  should  be  stated  that  when  a  solution 
of  disodium  hydrogen  phosphate  is  added  to  a  solution  of  sodium 
uranium  tartrate  the  uranium  phosphate  is  not  predpitated  immedi- 
ately but  some  ten  to  twenty  minutes  are  required  for  complete  pre- 
dpitation.  Consequently  when  disodium  hydrogen  phosphate  is 
"  Rettger:  This  journal,  1909,  xxiv,  p.  406. 
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added  to  blood  previously  treated  with  uranium  it  is  probable  that 
complete  predpitation  would  not  occur  for  some  twenty  minutes  or 
longer.  But  if  after  a  period  of  twenty  or  thirty  minutes  either 
calcium  chloride,  thrombokinase,  fibrin  ferment  (serum  from  blood 
clot)  or  any  two  (or  all  three  of  these)  be  added,  no  clot  will  be  formed. 
The  addition  of  fibrin  fennent  would  seem  to  indicate  that  the  fibrin- 
ogen had  been  affected,  for  if  all  the  free  soluble  uranium  has  been 
precipitated  then  the  addition  of  fibrin  ferment  should  produce  clotting 
unless  the  fibrinogen  has  been  affected.  It  seems  probable,  however, 
that  the  uranium  when  first  added  to  the  blood  rapidly  forms 
combinations  with  practically  all  of  the  proteid  elements  at  hand  and 
that  even  if  the  excess  of  free  uranium  (provided  any  such  quantity 
should  be  left  over)  is  later  precipitated  out  by  disodium  hydrogen 
phosphate,  then  the  uranium  proteid  compounds  are  not  broken  up 
but  still  maintain  practically  their  original  condition.  These  com- 
pounds are  apparently  also  soluble  in  excess  of  proteid,  for  if  a  small 
amount  (2  c.c.)  of  the  blood  treated  with  phosphate  after  uranium 
be  added  to  a  larger  quantity  (6  c.c.)  of  fresh  blood  and  the  mixture 
well  shaken  clotting  will  be  prevented. 

It  may  be  objected  that  in  the  presence  of  soluble  proteids  and 
dilute  salt  solutions,  such  as  constitute  blood,  the  disodium  hydrogen 
phosphate  would  not  precipitate  out  the  uranium  in  the  usual  manner. 
But  if  uranium  be  added  to  dilute  salt  solutions  approximating  as 
nearly  as  possible  the  quantity  and  quality  of  those  found  in  the  blood, 
then  the  disodium  hydrogen  phosphate  will  precipitate  the  uranium 
so  completely  that  the  clear  Mtrate  exercises  no  noticeable  inhibitory 
action  upon  clot  formation  in  fresh  blood.  If  such  precipitate  is  not 
formed  when  uranium,  and  then  phosphate,  are  added  to  blood,'  it 
would  appear  to  be  because  the  uranium  has  already  entered  into 
some  sort  of  combination  with  the  proteids  themselves.  This  is  what 
I  believe  actually  occurs.  In  this  connection  may  be  recalled  the 
action  of  oxalates  which  precipitate  the  free  calcium  of  the  blood  but 
apparently  do  not  form  proteid  combinations,  for  addition  of  a  sUght 
excess  of  calcium  chloride  again  establishes  the  conditions  requisite 
for  coagulation  of  the  blood.  It  must,  of  course,  not  be  forgotten 
that  the  addition  of  a  2  per  cent  solution  of  the  disodium  hydrogen 
phosphate  (in  any  amount  up  to  an  equal  volume)  to  normal  blood 
does  not  prevent  coagulation. 
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This  ex[)eriment  is  significant  inasmuch  as  it  would  appear  to  indicate 
that  oxygen  can  readily  pass  through  the  walls  of  the  red  corpuscles 
and  form  a  combination  with  the  hemoglobin  within.  Since  it  is 
not  possible  to  detect  any  difference  spectroscopically  between  normal 
blood  and  blood  to  which  uranium  has  been  added,  it  therefore  becomes 
difficult  to  see  how  uranium  could  retard  the  reduction  of  oxyhae- 
moglobin  so  far  as  the  blood  itself  is  concerned.  For  if  oxygen  can 
readily  pass  into  the  corpuscles,  and  no  special  combination  between 
the  uranium  and  the  haemoglobin  is  formed,  then  it  would  seem  that 
the  oxygen  might  also  readily  pass  out  of  the  corpuscles  again. 

The  bright  red  color  which  blood  treated  with  uranium  assumes  in 
the  air  is  not  appreciably  affected  by  the  addition  of  disodium  hydro- 
gen phosphate.  It  seems  probable  that  the  retention  of  this  color  is 
partly,  at  least,  due  to  changes  in  the  proteids  of  the  red  cells.  For 
the  color  of  laked  blood  is  not  materially  infiuenced  by  the  addition 
of  uranium. 

If  a  sample  of  fresh  blood  be  treated  with  uranium  and  diluted  to  a 
1  or  2  per  cent  solution  and  left  standing  in  a  stoppered  bottle,  it  will 
become  dark  and  show  decomposition  within  one  or  two  days.  If 
a  similar  sample  of  blood  be  treated  with  a  solution  of  potassium 
cyanide  of  corresponding  strength  and  then  be  similarly  diluted  and 
left  standing,  it  will  retain  its  bright  red  color  for  several  weeks. 

It  seems  that  no  chemical  combination  whatever  is  formed  between 
uranium  and  the  hxmoglobin  of  the  blood.  In  order  to  test  this  I 
made  a  long  series  of  observations  both  with  the  spectroscope  and 
with  the  diffraction  grating.  In  the  latter  case  photographic  records 
were  made,"  I  was  unable  to  detect  by  either  method  any  difference 
between  normal  blood  diluted  to  i  per  cent  or  J^  per  cent  and  blood 
which  had  been  first  treated  with  uranium  and  then  diluted  to  i  or 
J^  per  cent.  A  comparison  was  also  made  between  blood  treated 
with  uranium  and  blood  to  which  potassium  cyanide  had  been  added. 

The  spectrum  of  cyanha°moglobin  differs  but  little  from  that  of 
oxyhemoglobin,  but  a  longer  time  is  required  for  its  reduction  by 
ammonium  sulphide.  Perhaps  the  reduction  of  blood  treated  with 
uranium  may  be  slightly  retarded,  but  considering  the  difficulty  at- 

"  I  am  greatly  indebted  to  Prof,  R.  R.  Ramsey  of  the  Department  of  Physics 
of  Indiana  University  for  much  valuable  assistance  in  making  the  photographic 
observations. 
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tendant  upon  the  determination  of  the  completion  of  the  reduction 
process  one  would  scarcely  be  justified  in  saying  that  the  time  was 
prolonged. 

If  a  sample  of  methxmoglobin  be  made  by  the  addition  of  either 
iodine  or  [>otas^um  ferricyaoide  to  fresh  blood  and  then  the  mixture 
be  diluted  to  a  i  per  cent  solution,  the  addition  of  potassium  cyanide 
will  at  once  cause  the  formation  of  cyanmethaemoglobin,"  the  spec- 
trum of  which  very  closely  resembles  that  of  reduced  hxmoglol»n. 
But  if  to  a  dilute  solution  of  methsmoglobin,  which  has  been  made  by 
the  addition  of  dther  iodine  or  potassium  ferricyanide  to  fresh  blood, 
there  be  added  a  solution  of  sodium  uranium  tartrate,  no  change  what- 
ever can  be  made  out  in  the  spectrum  of  the  methsemoglobin. 

This  seems  to  show  that  uranium  does  not  form  any  combination 
with  methfemoglobin,  and  it  certainly  indicates  that  the  action  of  the 
metal  is  different  from  that  of  the  cyanides  so  far  as  the  hemoglobin 
of  the  blood  is  conceraed.  The  addition  of  disodium  tartrate  does  not 
produce  any  change  in  the  spectnmi  of  normal  blood. 

Conclusions. 

1.  The  intravenous  injection  of  a  solution  of  sodium  uranium 
tartrate  in  any  quantity  up  to  the  lethal  dose  does  not  produce  a 
noticeable  increase  in  the  rate  of  lymph  flow  from  the  thoracic  duct 
in  the  dog. 

2.  The  rise  in  blood  pressure  produced  by  the  intravenous  injection 
of  a  solution  of  sodium  uranium  tartrate  into  a  dog  is  of  a  much  more 
pronounced  and  prolonged  character  than  the  rise  produced  by  in- 
jection of  a  corresponding  quantity  of  a  cyanide. 

3.  The  stimulating  action  which  uranium  exercises  upon  the  res- 
piration is  vastly  less  vigorous  than  that  manifested  by  the  cyanides. 

4.  The  method  by  which  uranium  prevents  the  coagulation  of  blood 
appears  to  be  different  from  that  exercised  by  most  other  substances, 
and  probably  consists  in  the  formation  of  a  close  direct  combination 
between  the  metal  and  some  one  or  more  of  the  proteid  elements  of 
the  blood  which  are  essential  to  the  process  of  coagulation.  Neither 
the  addition  of  tbrombokinase,  fibrin  ferment,  nor  calcium  chloride 

"  Kobebt:  Malv's  Jahresbericht,  1891,  p.  443;  Haldane:  Journal  of  physi- 
ology, 1900,  uv,  p.  330. 
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to  blood  previously  treated  with  sodium  uranium  tartrate  will  cause 
clotting  to  occur.  Nor  is  it  possible  to  bring  about  clot  formation 
in  such  blood  by  precipitating  the  luanium  with  disodium  hydrogen 
phosphate. 

5.  Neither  the  spectroscope  nor  photographic  records  made  by 
means  of  the  difiraction  grating  reveal  the  fonnation  of  any  chemical 
combination  between  uranium  and  the  haemoglobin  of  the  blood. 
This  is  a  variation  from  the  action  of  the  cyanides  which  form  cyan- 
hsemoglobin  when  added  to  solutions  of  hiemoglobin. 

6.  If  a  solution  of  sodium  luranium  tartrate  be  added  to  a  solution 
of  methiemoglobin,  no  change  whatever  occurs  in  the  spectrum  of 
the  solution.  If,  however,  a  cyanide  be  added  to  the  methjemoglobin, 
cyanmethiemoglobin  is  at  once  formed. 

7.  The  cyanides  prevent  the  formation  of  a  blue  oxidation  product 
from  tincture  of  guaiac  by  the  oxidizing  ferments  present  in  an  aque- 
ous extract  of  potato  peelings.  Nosuch  inhibitory  action  is  exercised 
by  uranium  upon  this  reaction.  The  cyanides  also  prevent  the  evolu- 
tion of  gas  when  hydrogen  peroxide  is  added  to  blood  to  which  a  small 
amount  of  cyanide  has  previously  been  added.  But  no  inhibition  is 
exercised  upon  this  ferment  action  by  uranium. 

8.  It  seems  extremely  probable  that  the  pharmacological  actions 
of  the  cyanides  and  of  uranium  differ  from  each  other  much  more 
widely  than  has  been  generally  believed. 
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THE    FATE    OF    SACCHAROSE    AFTER    PARENTERAL 
INTRODUCTION  IN  ANIMALS. 

By  LAFAYETTE  B.  MENDEL  AND  ISRAEL  S.   KLEINER. 

[From  Iht  Skeffidd  Laioraiory  of  Pkysiologicai  Chemistry,  Yale  Uniteriity, 

Neui  Haven,  Comiectkut.] 

TT  is  generally  assumed  that  sugars,  such  as  saccharose,  lactose. 
-*■  raffinose,  etc.,  which  can  be  inverted  in  the  alimentary  tract,  but 
not  elsewhere  within  the  organism,  are  eliminated  quantitatively  in 
the  urine  when  they  are  introduced  into  the  animal  body  parenterally, 
i.  e.,  with  avoidance  of  the  gastro-intestinal  canal.'  Glycogen  forma- 
tion cannot  readily  be  attained  in  muscle  from  parenterally  introduced 
saccharose.'  This  corresponds  with  the  fact  that  Fischer  and  Niebel' 
were  unable  to  detect  a  sucrase  in  the  blood  serum  of  various  spedes 
(horse,  ox,  sheep,  rat)  examined  by  them.  Weinland*  reported  a 
practically  complete  urinary  elimination  of  saccharose  injected  sub- 
cutaneously  into  an  adtdl  dog;  but  in  puppies  the  failure  to  recover 
the  sugar  entirely  after  repeated  subcutaneous  injections  of  cane  sugar 
was  ascribed  to  the  development  of  a  saccharose-inverting  enzyme 
in  the  blood.  The  recent  physiological  literature  indicates  that  all 
instances  of  such  functional  adaptation  need  to  be  critically  examined 
before  they  can  be  accepted  as  typical  responses  on  the  part  of  the 
animal  organism.  Hohlweg  and  Voit*  injected  large  amounts  of 
saccharose    (20  gm.)    subcutaneously  into   rabbits    and  ordinarily 
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obtained  a  quantitative  return;  by  raising  the  temperature  of  the 
animals  a  disappearance  of  30  to  25  per  cent  could  be  effected. 

The  immediate  occasion  for  a  further  investigation  of  this  question 
was  given  by  an  experiment  reported  earlier  from  this  laboratory." 
A  small  dog  which  had  received  an  intraperitoneal  injection  of  3  gm. 
of  saccharose  eliminated  i^  gm.  by  the  kidneys.  The  urine  at  no 
time  gave  a  reduction  test  with  Fehling's  solution.  This  unexpected 
failure  to  recover  a  larger  quantity  of  the  carbohydrate  under  the 
conditions  of  the  experiment,  suggested  the  inquiry  whether  there 
is  a  specific  variation  in  different  animals,  whether  there  may  actually 
be  a  development  of  sucrase,  whether  there  are  other  paths  of  elimi- 
nation, or  whether  the  disaccharide  is  actually  utilized  to  some  extent. 
Fischer  and  Moore  ^  have  emphasized  the  possibility  of  excretion  of 
sugar  through  the  walls  of  the  alimentary  tract  after  its  introduction 
intravenously  in  rabbits.  Not  until  our  experiments  were  nearly 
completed  did  we  become  aware  of  the  comparable  studies  of  G.  Jap- 
pelli  and  D'Errico.'  They  concluded  from  experiments  on  dogs  that 
when  cane  sugar  is  introduced  directly  into  the  circulation  the  quan- 
tity elimioated  in  the  urine  is  never  equivalent  to  the  amount  injected. 
Both  glycosuria  and  saccharosuria  arise,  the  former  desisting  first. 
The  blood  has  no  power  for  inverting  saccharose.  According  to 
Jappelli  and  D'Errico  saccharose  introduced  parenterally  (intra- 
venously or  subcutaneously)  is  eliminated  into  the  alimentary  tract 
in  part  through  the  gastric  mucosa,  the  salivary  glands,  and,  in  in- 
significant degree,  the  bile.  The  subsequent  fate  of  this  component 
is  obvious. 

It  was  soon  found  in  our  own  experiments  that  the  inadequacy  of 
the  various  analytical  methods  usually  employed  makes  an  exact 
estimation  of  saccharose  in  the  urine  somewhat  unsatisfactory.  This 
was  complicated  by  the  occasional  appearance  of  a  reducing  substance 
in  the  urine  after  injection  of  cane  sugar,  as  well  as  the  levorotatory 
substance  ordinarily  present  in  dog's  urine  in  small  amount.  The 
polariscopic  method  was  selected  after  preliminary  trial,  as  the  most 

*  Cf.  Mendel  and  MrrcHEix:  This  journal,  r^os,  xiv,  p.  346. 

'  Fischer  and  Mooke:  This  journal,  1907,  xiz,  p.  314. 

■  Jappelu  and  D'Ekkico:  Atti  della  R.  Accademia  Medico-Gunngica  di 
Napoli,  1903,  N.  II;  1904,  N.  II.  Cf.  Maiv's  Jahresbericht  fUr  Thiercbemie, 
1905,  xixv,  p.  79. 


Digitized  byGoOgIC 


398       Lafayette  B.  Mendel  and  Israel  S.  Kleiner. 

satisfactory  procedure  available,  a  Sclunidt  and  Haensch  triple  shadow 
instrument  being  used.  Tests  made  with  normal  dog's  urine  to  which 
from  I  to  6  per  cent  of  cane  sugar  was  added,  indicated  minus 
errors  as  large  as  3.8  per  cent  when  allowance  was  made  for  the  pre- 
existent  levorotation  of  the  secretion.  In  some  of  our  experiments 
the  rotation  was  read  before  and  after  fermentation  of  the  urine  with 
yeast,  in  order  to  correct  for  the  levorotatory  substance.  Control 
experiments  showed,  however,  that  even  this  method  was  not  always 
ideal,  the  "normal"  levorotation  frequently  being  changed  quanti- 
tatively after  fermentation. 

At  times  a  reducing  substance  appeared  after  parenteral  adminis- 
tration of  saccharose  in  the  urine  of  certain  —  not  all  —  animals. 
This  was  especially  noteworthy  in  the  dog  used  in  Experiments  i,  2,  3, 
etc.  (see  Table  I).  In  addition  to  the  saccharose  a  notable  amount  of 
reducing  substance  was  present  in  the  urine  after  every  injection  except 
the  first.  Oral  administration  of  cane  sugar  (Exp.  26,  Table  I)  or 
injection  of  invert  sugar  (Exp.  34,  Table  I)  failed  to  provoke  the 
etimination  of  this  reducing  substance.  To  what  extent  the  low 
figures  in  the  calculated  elimination  of  saccharose  are  attributable 
to  the  complication  introduced  by  the  diversity  of  optically  artive 
substances  present  is  not  apparent.  In  some  trials  in  which  the 
rotation  was  determined  before  and  after  inversion,  the  resulting 
levorotation  was  far  greater  than  could  be  accounted  for  by  the 
saccharose  (as  determined  from  the  dextrorotation).  The  reducing 
substance  was  therefore  probably  a  levorotatory  carbohydrate- 
levulose,  invert  sugar,  or  a  mixture  of  these.  The  urine  itself  did  not 
invert  cane  sugar.  This  was  thoroughly  investigated  at  different 
temperatures. 

The  usual  routine  of  our  experiments  can  best  be  indicated  by  an 
illustrative  protocol. 

Experiment  60.  —  Bitch,  weighing  8  kgm.    Urine  collected  from  Feb.  2  to 
4  did  not  reduce  Benedict's  solution.*     It  showed  a  levorotation  of 

—  1.2°  V."     On  Feb.  4  the  animal  received  a  subcutaneous  injection 
(under  aseptic  conditions)  of  5°  c.c.  of  20.3  per  cent  saccharose  sdutioo 

-  10.15  gm.  or  1.27  gm.  per  kilo.     (The  animals  were  always  fed 

'  C/.  Benedict:  Journal  of  biological  chembtry,  1909,  v,  p.  485. 
»  Unless  otherwise  stated,  rotations  are  here  expressed  in  degrees  of  the  Ventike 
scale.    1°  Venulce  •■  0.3468  angular  degree. 
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with  meat  and  bone  meal,  —  a  diet  yielding  feces  of  dry  consistency 
not  likely  to  contaminate  the  urine  in  the  metabolism  cages). 

Feb.  5,  176  C.C.  urine  (Sp,  g.  1.070)  were  collected.  It  reduced  the 
very  sensitive  Benedict's  solution  slightly.  Rotation,  +i8.''3  V.  = 
4.77  per  cent  of  saccharose  or  8.4  gm.  The  urine  was  diluted  and 
fermented  until  tree  from  reducing  substances.  Correcting  for  the 
final  le\-orolation  thus  estimated,  the  output  of  saccharose  was  8.66 
gm.,  within  twenty-three  hours.  The  urine  of  the  next  day  (220  cc, 
sp.  g.  1.056)  did  not  reduce  Benedict's  solution.    Rotation,  —0,6°  V. 

Injected  —  10.15  K™-  saccharose; 

Excreted  —  8.66  gm.  saccharose,  or  85  per  cent. 

A  tabular  summary  of  many  of  our  experiments  is  given  below. 
The  dose  of  saccharose  ranged  from  i  to  2  gm.  per  kilogram  of  body 
weight  and  was  introduced  in  sterile  solutions  of  about  zo  per  cent 
strength  (see  Table  I). 

These  data  obtained  with  dogs  may  be  supplemented  by  a  few 
figures  from  similar  experiments  made  on  cats,  at  our  suggestion,  by 
Mr.  W,  C.  Gibson.  The  procedure  above  described  for  the  experi- 
ments on  dogs  was  also  used  in  this  series.  Reduction  tests  were 
negative  in  these  cases  (see  Table  II). 

The  fact  that  a  reducing  substance  —  presumably  a  sugar  —  ap- 
peared at  times  in  the  urine  of  dogs  after  injection  of  saccharose  sug- 
gests, among  other  possibilities,  that  the  failure  to  recover  all  of  the 
tatter  may  be  due  to  an  inversion  of  the  disaccharide  in  the  blood 
serum  by  a  sucrase,  the  secretion  of  which  is  induced  (or  the  precursor 
of  which  is  activated)  by  the  sugar  injection.  An  experiment  directed 
to  ascertain  this  gave  negative  results. 

9.30-9.45  A.  If.  90  cc.  of  30  per  cent  saccharose  solution  were 
injected  into  a  bitch  weighing  13.2  kgm.  (t.  «.  about  2  gm.  per  kgm). 

2.00  p.  u.    Animal  anesthetized;  ether  and  A.C.E. 

2,15  p.  M.  25  cc.  of  blood  withdrawn  mixed  with  10  cc.  30  per 
cent  saccharose  solutioB,  40  cc.  water  and  some  toluene;  placed  at 
38"  (A,). 

25  cc.  of  blood  withdrawn,  boiled  and  then  similarly  treated  (BJ. 

S-oop.  M.  Two  25  cc.  portions  of  blood  witljdrawn  and  treated 
as  the  first  two  (A,  and  Bj).  Ai,  B„  Aj,  and  Bi  were  kept  at  38"  for 
twenty  hours.  They  were  then  boiled  with  kaolin  and  a  drop  of  acetic 
add,  filtered,  cooled,  and  the  rotation  determined  (100  mm.  tube). 
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TABLE  II. 
Pabentebal  TTtiluatiom  of  Saccbabose  in  Cats. 


Number. 

Weight  of 

Quantity 
of  sugar 
injected. 

Sugu-  recovered  in  urine. 

Time  within 

which  dimi- 

natioD  tocJt 

place. 

1.6 

3.4 

2.7 

79 

24 

2.4 

2.4 

IJ 

54 

SO 

2.6 

3.0 

2.8 

93 

30 

141 

3.4 

3.4 

2.8 

82 

23 

3.2 

3.7 

3.2 

S6 

30 

1.8 

4.1 

3.6 

88 

19 

1.8 

2.6 

2.2 

85 

24 

1.7 

2.5 

l.t 

44 

19 

1.6 

4.1 

3.6 

88 

19 

9' 

1.6 

4.3 

3.6 

84 

30 

1.7 

4.2 

3.8 

90 

17 

.1-7 

5.6 

4.9 

88 

22 

1.6 

4.9 

4.6 

94 

20 

'  Same  cat. 
•  Same  cat. 

B, 


3°.2V 


A, 

B. 


i^9V 


In  a  research  published  since  the  preceding  observation  was  made, 
Abderhalden  and  Brahm "  have  reported  comparable  experiments 
in  which  the  serum  of  dogs  was  examined  for  digestive  properties  after 
subcutaneous  injections  of  saccharose.  In  some  cases  they  succeeded 
in  demonstrating  a  capacity  of  the  serum  to  transform  added  car* 
bohydrate  soon  after  an  injection  of  sugar.  After  repeated  injections 
the  serum  was  often  completely  inactive;  and  the  authors  state  that 

"  Abdgbhalden  and  Brahu:  Zeitschrift  fClr  pbystologische  Chemie,  1910, 
Ixiv,  p.  439> 
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the  successful  development  of  the  enzyme  —  never  present  in  the 
normal  serum  or  in  that  obtained  some  time  after  an  injection  —  de- 
pends upon  as  yet  unrecognized  factors.  At  present  it  is  impossible 
to  assign  any  fixed  im[>ortance  to  the  mechanism  of  parenteral  sugar 
utilization  here  suggested.    Further  observations  are  awaited. 

Tke  excretion  of  uccliarose  is  osuoUf  completed  witiiin  thlrty-tiz  hoim.  — 
In  Experiment  44  (Tabie  I)  urine  passed  two  minutes  after  the 
(intraperitoneal)  injection  contained  no  sugar;  in  Exjwriments  17,  24, 
9  and  14  (Table  I),  sugar  was  present  in  urines  passed  five,  eight, 
nine  and  twenty  minutes  respectively  after  its  introduction. 

In  order  to  ascertain  whether,  following  the  experience  of  Weinland, 
the  apparent  utilization  could  be  increased  (t.  e.,  the  elimination 
diminished)  by  some  adaptive  process,  repeated  intra[}eritoneaI  in- 
jections of  saccharose  were  made  in  a  dog  at  intervals  during  seven 
and  one-half  weeks,  approximately  i  gm.  per  kilogram  being  introduced 
each  time.    As  soon  as  the  elimination  ceased  after  each  injection. 


TABLE  in. 
Repeated  Intsapekitoneal  Injections  o 


Saccharose  in  a  Dog. 


Number. 

Weight  o( 
(Jog. 

QuanUty 
of  sugar 
injected. 

Sugar  recovered  in  urine. 

Time  within 

nation  took 
place. 

lA 

Urn. 

IS.5 

18.6 

13.0 

70 

46 

2A 

18.6 

19.9 

12.9 

65 

72 

3A 

18.2 

20.8 

12.95 

62 

66 

4A 

18.2 

19.2 

13.0 

68 

28 

5A 

18.4 

22.4 

14.4 

64 

65 

6A 

18.6 

23.0 

14,6 

63 

66 

7A 

18.8 

23.1 

8A 

18.4 

20.4 

13.8 

68 

43 

9A 

18.1 

18.6 

18,0 

97 

40 

lOA 

18.8 

19.8 

HA 

18.6 

20.9 

U.l 

67 

45 

12A 

19.0 

18.7 

13.1 

70 

48 
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<  Ninety-four  c.c.  of  95  per  cent  akohol  and  200  c.c.  water  administered  orally  before  the  Injection;  19  cc.  alcohol  and  40  c.c.  water 
after  the  injection  (-  11^  c.c.  95  per  cent  alcohol  per  kgm.) 
>  Same  animal  as  33,  no  alcohol.                                                                            *  No  alcohol. 
'  Same  animal  as  48,  68  c.c.  95  per  cent  alcohol  and  137  c.c.  water  adminiatered  orally  before  injection  (>  6  c.c.  95  per  cent  alcohol 

^'  Same  animal  as  48,  alcohol  as  in  51.                                                                     •  Same  animal  as  48,  no  akohol. 
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THE  CONCENTRATION  OF  AMMONIA  IN  THE  BLOOD 
OF  DOGS  AND  CATS  NECESSARY  TO  PRODUCE  AM- 
MONU   TETANY. 

By  CLARA  JACOBSON. 
[From  lit  Ball  PkyHohpeai  Labcratory  of  tht  Unittrtily  of  Chicago  \ 

'"¥  "^HE  work  of  detennining  the  concentration  of  ammonia  in  the 
-^  blood  necessary  to  produce  ammonia  tetany  was  undertaken 
in  view  of  its  relationship  to  the  increased  blood  ammonia  in 
animals  in  parathyroid  tetany.  In  a  recent  paper  *  this  ammonia  in- 
crease was  shown  to  be.  apparently  associated  with  an  impaired  liver 
activity.  These  factors  —  increased  anmionia  concentration  and 
liver  insufficiency  —  as  well  as  the  marked  similarity  of  the  symptoms 
following  parathyroidectomy  to  those  of  ammonia  intoxication  or  of 
excessive  meat  feeding  after  Eck  fistula,  all  suggest  that  ammonia 
may  be  the  cause  of  the  parathyroid  tetany.  Some  ammonia  is 
always  present  in  the  blood.  Its  concentration  is  normally  regulated 
by  the  conversion  of  its  excess  into  urea  and  by  elimination.  Thus 
the  relatively  large  quantity  produced  in  exogenous  and  endogenous 
metabolism,  particularly  the  former,  does  not,  in  a  normal  animal  at 
least,  materially  change  the  concentration  in  the  general  systemic 
circulation.  These  processes  tend  to  explain  the  fact  that  after  in- 
jection of  a  quantity  of  ammonia  sufficient  to  produce  symptoms  of 
poisoning,  recovery  may  be  very  rapid  —  the  tetany  or  extreme 
manifestations  often  totally  disappearing  within  a  few  minutes  while 
the  associated  depression  may  continue  for  an  hour  or  more.  The 
latter  condition  is  probably  due  in  part  to  a  primary  action  of  am- 
monia, in  part  to  secondary  effects  arising  from  the  general  constitu- 
tional derangement  and  exhaustion.  The  primary  symptoms  at  a 
given  time  are  undoubtedly  dependent  upon  the  increased  concen- 

'  Casison  and  Jacobson:  This  journal,  1910,  zxv,  p.  403. 
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tratioD  of  ammonia  in  the  circulating  blood  and  in  the  tissues  and 
lymph.  The  direct  analysis  of  the  blood  during  an  ammonia  convul- 
sion will  therefore  afford  another  basis  of  comparison  and  may  tend 
either  to  support  or  to  disprove  the  theory  that  the  parathyrad 
tetany  is  due,  at  least  in  part,  to  the  ammonia. 


A  solution  of  5  to  10  [>er  cent  ammonia  carbonate  was  injected  in- 
travenously until  just  sufficient  to  cause  the  appearance  of  acute 
symptoms  of  ammonia  poisoning.  In  dogs  these  injections  were  made 
into  the  saphenous  vein,  and  in  cats  into  the  external  jugular  pre- 
viously isolated  under  ether  anaesthesia.  In  some  cases,  especially 
among  the  cats,  the  convulsions  were  accompanied  by  respiratory 
standstill  and  artificial  respiration  was  necessary  to  prevent  death 
from  asphyxia.  The  blood  samples  were  collected  four  or  five  minutes 
after  the  injections,  while  the  animals  were  still  in  tetany  or  tremors. 
Thus  the  ammonia  was  allowed  to  circulate  freely,  to  mix  well  with 
the  blood,  and  possibly  establish  a  condition  of  temporary  equilibrium 
in  the  tissues  and  the  lymphs.  Variations  in  the  results  are  to  be 
expected  because  of  the  individual  differences  in  the  severity  of 
symptoms  shown ;  because  of  variations  in  the  time  elapsing  between 
the  injection  and  the  drawing  of  the  blood,  and  owing  to  variations 
in  the  actual  time  required  for  the  drawing  of  sufficient  blood  for 
analysis.  The  first  mentioned  factor  is  of  relatively  slight  impor- 
tance here,  since  it  is  also  present  among  the  thyroidectomized  animals. 
The  ammonia  analyses  were  made  according  to  the  method  of  Folin. 

Results. 

Blood  samples  from  dogs,  normal  (including  one  case  in  which  the 
pancreas  had  been  removed  two  weeks  previously)  and  in  parathy- 
roid tetany,  were  analyzed.  These  results  are  tabulated  with  those 
of  the  ammonia  injections  (see  Tables  I  and  II). 

The  symptoms  following  the  injection  of  ammonia  are  very  similar 
to  those  of  thyroidectomy.  It  is  not  necessary  to  go  very  much  into 
detail  in  their  description,  as  this  has  already  been  done  by  a  number 
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AuioKM  Content  : 


TABLE   I. 
«  Ugh.  FEB  100  c.c.  or  Blood  op  Docs. 


No. 

Normal. 

tetany. 

In  ammonia 
tetany. 

1.632 

2.73 

2.8 

i.496 

2.79 

2.1 

IM 

2.86 

3.7 

1.22 

2.08 
(2.4') 

1.75 

136 

2.88 

2.45 

1.43' 

3.00 
1.82* 
2.275 

>  Second  week  pancreatic  diabetes. 

»  Second  blood  sample  drawn  twenty-tour  hours  after  the  first. 

>  The  animal  »as  only  slightly  depressed  when  the  first  sam- 
ple of  blood  was  drawn  but  showed  profuse  salivation,  dy^noea, 
and  tetany  when  the  second  sample  was  drawn  hi  hours  later. 

TABLE  n. 
Ammohia  Content  in  Men.  pek  100  c.c.  o 


Blood  or  Cats. 


No. 

NO"-"-    '"^^r' 

Utany. 

1.530          1          2.635 

3.445 

1.445 

2.176 

3.640 

1.900 

2.516 

1.885 

1.445 

3.230 

2.405 

1.530 

2.516 

2.47 

2.125 

3.18 

2.34 

■  Quoted  from  Cablson  and  Jacobsok:  This  journal,  1910,  xxv, 
410,  Table  I. 
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of  investigators.  There  is  salivation  with  An  irregularity  of  respira- 
tion, usually  rapid  and  shallow;  sometimes  slow,  deep  and  labored. 
In  some  of  the  cases  where  the  injections  were  slow,  a  primary  de- 
pression and  even  somnolence  was  noted  (two  of  the  dogs).  Then 
convulsions  set  in.  In  cats,  especially,  the  symptoms  appeared  sud- 
denly, being  marked  by  tetany,  muscular  tremors  in  varying  inten- 
sity, intermittent  rigidity  and  respiratory  standstill.  Tetany  usually 
predominated,  but  in  one  instance  at  least  tremors  without  tetany 
were  noted.  The  rigidity  with  respiratory  standstill  observed  in 
four  cats  was  similar  to  that  observed  in  several  thyroidectomized 
cats.  During  and  following  this  convulsive  phase  a  very  marked 
hyperexcitability  was  present.  In  dogs  the  symptoms  were  very 
similar  but  apparently  less  acute  as  compared  with  those  of 
cats. 

Thus  out  of  the  six  dogs,  only  two  showed  respiratory  standstill 
requiring  artificial  respiration,  though  in  two  others  there  was  in- 
tennittent  rigid  extension  of  the  limbs  of  short  duration.  Tetany, 
too,  was  generally  more  marked  than  the  muscular  tremors,  but  one 
instance  was  noted  in  which  tremors  were  very  strong  but  unaccom- 
panied by  tetany.  In  recovery  from  the  injections  most  of  the  dogs 
showed  extreme  depression  and  weakness. 


Discussion  of  Results. 

The  concentration  of  ammonia  in  the  blood  of  cats  and  dogs  in 
ammonia  tetany  is  found  to  be  practically  equal  to  that  in  parathy- 
roid tetany.  This  does  not  constitute  a  concluave  proof  of  the  am- 
monia intoxication  theory  because  there  are  many  possible  compU- 
cations.  The  susceptibihty  to  the  ammonia  depends  probably  in  the 
main  on  two  factors,  namely,  the  form  of  the  ammonia  and  the  de- 
gree of  excitability  of  the  central  nervous  system.  In  the  thyroidec- 
tomized animab  there  may  be  other  conditions  that  modify  the  ex- 
dtabiUty,  such  as  the  supposed  changes  in  calcium  and  magnesium 
salts.  We  do  not  know  in  what  form  the  ammonia  is  present  in  the 
blood  of  these  animals  nor  that  the  ammonia  is  the  only  protein  de- 
rivative directly  involved.    The  work  of  Berkeley  and  Beebe  *  renders 

'  Beskelev  aud  Beebe:  Journal  of  medical  research,  1909,  xx,  p.  149. 
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it  probable  that  other  products  of  protein  metabolism,  such  for  in- 
stance as  the  purin  bases,  also  contribute  to  the  effects.  The  con- 
stant presence  of  an  excess  of  ammonia  in  the  blood  may  augment 
the  excitability  or  tend  to  establish  a  tolerance.  Thus  the  condition 
of  the  animal  and  the  form  of  the  ammonia  compound  enter  in  as 
two  variable  factors.  However,  the  fact  that  the  symptoms  produced 
by  the  injection  of  ammonia  are  so  similar  to  those  following  the  re- 
moval of  the  thyroid-parathyroid  and  the  further  fact  that  the  con- 
centradon  of  ammonia  present  in  thyro-parathyroid  tetany  is  suffi- 
cient to  cause  tetany  in  normal  animals,  give  support  to  the  ammonia 
intoxication  theory. 

Little  can  be  added  to  what  has  already  been  said  regarding  the 
cause  of  this  increased  ammonia.  According  to  our  results  the  liver 
is  depressed  especially  as  to  its  power  of  destroying  ammonia.  There 
appears  to  be  little  or  no  histological  change  associated  with  this 
depression.  Delitala'  observed  varying  degrees  of  fatty  degenera- 
tion in  the  livers  of  dogs  in  parathyroid  tetany;  but  there  was  no 
constant  relationship  between  severity  of  the  symptom  and  the 
extent  of  degeneradon.  In  fact  in  some  animals  showing  most  severe 
symptoms,  the  hver  showed  little  change.  So  far  as  we  have  observed, 
the  liveis  of  animals  in  parathyroid  tetany  present  no  gross  abnor- 
malides.  Dr.  H.  G.  Wells  has  kindly  made  microscopical  examina- 
tions of  the  Uvers  of  three  such  dogs  and  one  fox  and  found  by  sudan 
III  stain  a  central  fatty  degeneradon,  one  half  or  less  of  the  radius 
of  the  lobules  being  involved.  In  one  the  cytoplasm  of  the  cells  in 
the  centre  of  the  lobules  took  a  lighter  stain  with  eosin  than  normal. 
^Livers  in  which  fatty  changes  exceeding  those  above  described  have 
been  produced  by  poisoning  as  with  phosphorus  show  apparently  no 
depression  of  the  ammonia-destroying  power.  It  seems  therefore 
impossible  as  yet  to  demonstrate  micro-chemical  changes  in  liver 
tissue  sufficient  to  account  for  the  decreased  acdvity. 

Conclusions. 

The  concentration  of  ammonia  in  the  blood  of  cats  and  dogs  in 
ammonia  tetany  is  practically  equal  to  that  in  parathyroid  tetany, 

■  Deutala:  Archiv-es  italiennes  de  biologie,  1908,  xUz,  109. 


Digitized  byGoOgIC 


412  Clara  Jacobson. 

This  supports  the  view  that  the  iocreased  ammonia  in  the  blood  of 
parathyroidectomized  animak  is  directly  reqwnable  for  the  tetany 
and  the  depression  symptoms. 

This  work  was  done  under  the  direction  of  Dr.  Anton  J.  Cariscm, 
and  I  wish  to  express  my  thanks  for  bis  assistance,  criticism,  and 
encouragement 
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THE  RATE  OF  HEALING  OF  WOUNDS  IN  DENERVATED 
SKIN  AREAS  AND  ITS  BEARING  ON  THE  THEORY 
OF  TROPHIC  NERVES.' 

By  CLARA  JACOBSON. 
(front  Hie  BuU  Phyiiological  Laboratory  of  Ike  Umvertity  of  Chieago.] 

THE  maintenance  of  life  processes  in  plants  and  in  the  lower 
animals  seems  to  be  largely  a  phenomenon  of  chenucal  co- 
ordination. But  with  the  increased  development  of  the  nervous 
system  there  appears  the  possibility  of  a  specific  or  direct  ner- 
vous control  of  the  metabolism  and  the  growth  of  individual  cells  of 
the  tissues.  If  such  is  the  case,  the  dependence  of  the  tissue  cells  on 
these  "trophic"  nervous  impulses  ought  to  be  greater  in  the  higher 
than  in  the  lower  animal  phyla.  But  even  in  the  highest  vertebr&tes 
at  least  one  tissue,  namely,  the  blood,  or  rather  the  formed  elements 
of  the  blood,  b  not  directly  influenced  by  any  nervous  impulses  but 
is  maintained  by  chemical  co-ordination.  The  following  experiments 
were  made  with  the  view  of  testing  out  this  hypothesis,  suggested  by 
Dr.  Carlson  to  determine  at  what  stage  of  phylogenetic  development 
trophic  nervous  impulses  could  be  demonstrated.  Thus  pigeons  were 
first  used  and  later  similar  experiments  made  on  dogs.  The  presence 
of  an  interrelationship  between  the  growth  and  number  of  motor- 

>  The  following  partial  Bibliography  may  be  of  service:  Gaui.e:  Centialblatt 
filr  Physiologie,  1891,  v,  p.  409;  Eckhast:  Ibid.,  1893,  vi,  p.  338;  Joseph: 
Archiv  ftir  pathologische  Anatomie  und  Physiologie,  1887,  evil,  p.  119;  KdsTES: 
Zur  Physiologie  der  spinal  Ganglien  und  der  tropiacher  Nerven  sonie  zui  Patho- 
logenese  der  Tabes  Dorsalis,  Leipzic,  1907;  Bikeles  and  Jasbinsd:  Cen- 
tralblatt  fill  Physiologic,  1898,  xii,  p.  345;  Tkendelenbdsc:  Neurologischer 
Centralblatt,  1906,  xxv,  p.  386;  Asndt:  Archiv  ftir  Physiologie,  1891,  p.  34; 
DuNDUKTi:  Centralblatt  filr  die  aUgemeine  Pathologic  und  padiologische  Anat- 
omic, 1894,  V,  p.  509;  GoLTZ  and  Ewald:  Archiv  fUr  die  gesammte  Physiologie, 
1S96,  Iziii,  p.  363;  Gadle:  Centralblatt  filr  Physiologie,  1891,  v,  p.  450;  Head 
andSHEKKEN:  Brain,  1905,  xxviii,  p.  116;  Rivers  and  Head:  Brain,  1908,  xxzi,  ' 
p.  333;  Tkotteb  and  Da  vies:  Journal  of  pfayskilogy,  1909,  zxxviii,  p.  154. 
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nerve  fibres  and  the  growth  of  the  corresponding  musculature,  em- 
bryologically,*  does  not  give  definite  evidence  in  favor  of  the  trophic 
theory.  The  fact  that  these  processes  are  apparently  equally  de- 
pendent upon  one  another  suggests  a  chemical  co-ordination. 


Methods. 

Pigeons  were  put  under  ether  anaesthesia,  and  an  incision  made  in 
the  mid-dorsal  line  in  the  lumbar  regidn,  a  line  drawn  across  the  tips 
of  the  trochanters  being  used  as  a  guide.  Here  the  pigeon's  anatomy 
is  peculiarly  well  adapted  to  the  operation  in  that  there  are  no  muscles 
and  very  little  fascia  separating  the  skin  from  the  bone  in  the  rhom- 
boidal  space  about  3  cm.  long  by  i?-^  cm.  at  the  widest,  and  in  that 
the  bone  is  soft  and, spongy  and  can  be  easily  removed  leaving  a 
smooth  opening  to  the  cord.  The  cord  and  right  nerve  roots  were 
exposed  for  a  distance  of  about  15  nun.  In  the  first  series  of  experi- 
ments dorsal  roots  alone  were  cut.  Increased  excitability  was  fre- 
quently noticed,  as  well  as  some  muscular  twitchlngs  probably  due 
to  traction  on  the  cord.  There  was  often  considerable  hemorrhage 
from  the  rupture  of  meningeal  vessels,  but  in  no  case  did  this  result 
seriously  or  even  produce  any  noticeable  efi'ect.  After  recovery  from 
ansesthesia  there  was  apparently  no  loss  of  voluntary  control  of  the 
muscles.  The  insensitive  areas  were  then  determined,  uniform  wounds 
(cuts)  were  made  in  these  and  the  corresponding  areas  of  the  opposite 
side  and  the  rate  of  healing  compared.  At  first  all  due  aseptic  pre- 
cautions were  attempted  in  the  making  of  these  wounds,  but  were 
later  found  unnecessary  as  pigeons  are  very  resistant  to  ordinary  in- 
fection. In  some  cases  secondary  wounds  were  made  subsequent  to 
the  healing  of  previous  ones  in  an  attempt  to  see  if  the  time  element 
entered  in. 

After  being  under  close  observation  for  about  a  month,  these  birds 
were  again  anfesthetized,  the  cord  exposed  and  the  ventral  nerve 
roots  of  the  same  area  sectioned.  In  other  birds  both  dorsal  and  veo- 
tral  roots  were  sectioned  simultaneously.  Paralyses  of  the  foot  and 
leg  muscles  were  practically  complete,  slight  control  of  the  portion  of 
the  limb  being  maintained,  however,  in  the  upper  thigh  and  trunk 

'  SaoREV:  Jounial  of  experimental  xodlogy,  1909,  vii,  p.  25. 
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muscles.    Wounds  similar  to  the  previous  ones  were  made,  and,  re- 
peatedly, observations  extending  over  a  period  of  six  months. 

Results. 

In  the  first  series,  section  of  the  dorsal  roots,  there  were  seven  cases 
in  each  of  which  wounds  healed  just  as  rapidly  on  the  right  leg  as  on 
the  left. 

In  the  second  series,  section  of  the  ventral  roots,  ten  pigeons  were 
under  observation,  wounds  being  made  immediately  after  the  opera- 
tion, then  again  eight  to  fifteen  days  later  and  on  four  birds  six  months 
later.  In  no  case  was  there  any  detectable  difference  ia  the  rate  of 
healing  of  the  wounds.  There  was  no  difference  noticeable  in  the 
generEil  appearance  of  the  denervated  limb,  such,  for  instance,  as  de- 
scribed  by  Trendelenburg. 

Drs.  Carlson  and  Werelius'  in  continuation  of  this  subject  made 
observations  upon  dogs  in  three  of  which  they  severed  the  dorsal 
cutaneous  rami  of  three  contiguous  spinal  nerves,  and  in  three  others 
the  posterior  roots  of  three  contiguous  spinal  nerves.  The  areas  of 
anaesthesia  were  mapped  out  and  shaved  and  similar  wounds  made 
tmder  strictly  aseptic  conditions  on  the  completely  insensitive  area 
and  on  the  corresponding  area  of  the  normal  side.  Bandages  were 
applied  to  keep  the  conditions  aseptic  and  uniform  on  the  two  sides. 
In  none  of  these  cases  were  any  differences  noticeable  in  the  rate  of 
healing  or  in  the  growth  of  the  hair. 

Discussion  op  Results. 

These  results  indicate  that  in  the  pigeon  and  the  dog  the  section 
of  nerves,  afferent,  efferent  or  both,  to  a  part  is  not  followed  by  a 
diminished  rate  of  healing  of  lesions  made  either  immediately  after 
the  operation  or  at  any  time  during  a  period  of  six  months.  Trophic 
changes  are  most  frequently  associated  with  injury  to  so-called  sen- 
sory nerves  or  nerve  roots,  but  there  are  some,  as  has  been  previously 
stated,  who  have  brought  forth  evidence  to  show  that  such  changes 
may  be  related  to  the  sympathetic  nervous  system,  and  there  may  be 
still  others  who  consider  the  atrophy  of  muscles  after  section  of  their 
*  Fersooal  cominuniratioii. 
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motor  nerves  as  not  wholly  due  to  disuse.  In  the  second  case,  the 
distuibances  are  probably  secondary  to  vaso-motor  influences.  In 
the  last,  the  possibility  of  preventing  atrophy  of  musdes  while  the 
nen-es  are  regenerating  by  direct  artificial  stimulation  and  the  absence 
of  ^leci&c  oer\'e  endings  other  than  motor  nave  axlings  seem  to 
atgue  against  the  trophic  theory. 

Hie  \-ariatioD  in  the  results  of  di£Fa«nt  observers  may  be  hisely 
due  to  individual  variations  in  animyVi,  just  as  in  other  tines  at  re- 
search; for  instance,  the  cases  in  which  a  heavy  meat  <fiet  after  Edk 
fistula  does  not  result  in  ptssfHiing  symptmns,  the  o[^>osite  baag  the 
general  rule,  aod  the  failure  of  tetany  and  death  in  some  dogs  after 
apparently  complete  thj-nHdectomy.  However,  in  these  e^wriments, 
Degati\-e  evidence  b  of  more  vahie  than  poative,  in  fact  may  even  be 
regarded  as  positi\'e  since  the  absence  of  disturbances  in  metabolisn 
and  growth  in  denerv'ated  areas  iitdicates  an  alHlity  to  dispense  with 
trof^iic  impulses  if  such  are  normally  fescntr  or,  in  fact,  renders  the 
theory'  of  trophic  nervxtus  impulses  unnecessary.  The  danonstration  <A 
changes  may  be  proof  toward  the  existence  of  tnq^c  nerves,  bat  on 
the  other  hand  there  are  invariably  so  many  contributii^  causes  as  in 
case  of  ulcers  in  tabes  or  of  keratitis  following  sectitw  <rf  the  Gassciian 
gangtiorL  \'aso-motor  effects  may  also  enter  in  as  results  of  increased 
\-aso-motor  reflexes,  as  may  be  the  case  in  infecticMi  erf  the  ^linal  cord 
or  of  the  dorsal  root  ganglia,  or  the  cutting  off  <A  these  leflexch  in  in- 
fecticKi  or  id  section  of  iherves.  The  apporatly  increased  soscepd- 
bility  to  infection  in  peripheral  areas  following  the  secticm  (A  ntms 
or  especially  Eollowing  the  traitssectioQ  of  the  cord  as  in  Goltz's  »nimak 
seems  to  !rii''e  support  to  the  trophic  theory,  but  it  may  be  doe  to  the 
aruesthe^ia  with  resulting  bck  ot  attention  on  the  part  of  tbe  aiumal 
to  slight  or  serious  injuries,  anJ  possibly  some  disturbance  of  vaso- 
motor redexes.  Vaso-motor  parah-sis  in  which  dilatatkn  is  not  as 
grettt  as  portable  under  stimuktion.  may  be  a  facttw  in  causing  the 
ihniinished  growth  of  teaihets  obser%-ed  by  Treodeknborg.  In  Head's 
ca:^.  the  ticts  that  the  source  of  the  lesioD  was  so  severe,  frcciii^  by 
ethyl  chloride,  and  that  such  wouQLi>  are  diScult  to  heal  under  moie 
m^rnul  cv>n<.lttk>a:^  when  the  sebaceous  aiMi  sadociferoos  ^ands  are 
iicttx'e,  the  jktQ  eUstic.  and  normal  \'aso-motac  and  otbcr  rtfiexes 
(^nscnt.  $«viu  to  argue  against  tbe  view  that  tbe  slow  rate  of  heat 
iiV;  was  due  to  lack,  of  trophic  impulses.    Tbe  fir^i  bemfii^  of  the 
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wound  may  have  been  a  coinddence,  favored  possibly  by  the  return 
of  vaso-motor  reflexes  \rith  the  return  of  protopathlc  sensitivity. 

Some  tissues  will  live  and  grow  even  though  their  nerve  supply  is 
cut  off.  Organs  such  as  the  thyroids,  hypophy^s,  pancreas,  adrenals, 
mammary  glands,  ovaries,  testes,  or  kidneys  may  be  successfully 
transplanted  in  part,  and  growth  and  function  continue.  Carre!  and 
Guthrie*  even  obtained  primary  union  in  transplanted  legs.  One 
may  suppose  that  this  is  due  to  the  ingrowth  of  the  nerves  to  the  part, 
but  such  regeneration  would  probably  be  comparatively  slow  —  taking 
a  longer  time  than  necessary  for  the  complete  re-establishment  of  the 
function  of  the  organs.  The  presence  of  peripheral  ganglion  cells 
within  the  organs  may  also  be  suggested  in  answer  to  their  growth 
after  havii^  been  transplanted  or  denervated,  but  there  is  one  in- 
stance at  least  wherein  the  presence  of  such  a  peripheral  gangh'on  has 
not  the  power  to  prevent  atrophy  of  the  organ  after  section  of  its 
oerve,  namely,  in  the  sub-maxillary  gland.  This  is  also  clearly  not 
a  case  of  atrophy  from  disuse,  for  the  gland  continues  to  secrete.  It 
is  probable  that  these  gland  cells  not  being  adapted  to  continued 
secretion  suffer  exhaustion.  The  com[>ensatory  hypertrophy  of 
organs  after  the  removal  of  the  collateral  organ  is  probably  evidence 
of  chemically  stimulated  growth.  There  are  other  instances  which 
indicate  that  in  general  the  maintenance  of  life  and  the  growth  of 
tissues  belong  in  the  class  of  phenomena  which  are  chemical  or  of  the 
hormone  type  rather  than  nervoqs. 

CONCLOSIONS. 

1.  The  results  of  the  experiments  reported  indicate  no  diminution 
in  the  rate  of  healing  of  woimds  in  a  denervated  (sensory  or  sensory 
and  motor)  skin  area  as  compared  directly  with  that  in  a  normal  area. 

2.  The  variations  in  the  results  obtained  by  different  investigators 
may  be  explained  on  the  grounds  of  individual  variation  among 


3.  It  seems  that  so-called  trophic  disturbances  may  be  due  to 
vaso-motor  changes  with  increased  susceptibility  to  infection  or  to 
the  loss  of  protective  reffexes  from  loss  of  sensitivity  to  injurious 
agents. 

*  Caxskl  and  Gcthsix:  Science,  1906,  mil,  p.  393. 
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I  undertook  this  work  under  the  direction  of  Dr.  A.  J.  Carlson,  and 
wish  to  express  my  appreciation  for  his  constant  interest  and  en- 
couragement and  for  the  many  valuable  suggestions  he  has  offered 
during  the  progress  of  the  work. 

Addendum. 

The  above  conclusions  respecting  trophic  nerve  fibres  or  nervous 
impulses  coincide  in  part  with  the  position  taken  by  Tscherm^, 
whose  critical  review  of  the  literature  on  trophic  and  tonic  innerva- 
tions has  just  appeared  (Folio  Neuro-Biologiae,  1910,  iii,  p'.  676). 
Tschermak  admits  that  there  is  no  evidence  for  the  existence  of 
separate  or  specific  trophic  nerve  fibres,  but  considers  it  highly  prob- 
able that  motor  and  sensory  as  well  as  afferent  nerve  fibres  convey 
trophic  impubes  as  an  accessory  function  ("Teilfunktion").  I  fail  to 
see  the  possibility  of  this  distinction  between  motor-sensory-tonic  and 
trophic  impulses  in  the  same  axis  cylinder  on  the  basis  of  our  present 
knowledge,  or  the  advisability  of  retaining  the  term  trophic  for  this 
conception.  It  seems  to  be  true,  in  general,  that  moderate  amounts 
of  the  special  activity  of  organs  are  favorable  to  their  metabolism  and 
growth.  The  impaired  metabolism  and  consequent  atrophy  in  muscle, 
glands,  and  nerve  centres  following  lesion  of  motor,  secretory,  and 
afferent  pathways  respectively  can  therefore  be  whoUy  accounted 
for  as  a  direct  result  of  the  cessation  of  the  special  organ  activity. 
Tschermak's  hypothesis  involving  us  in  the  difficulty  of  conduction 
of  qualitatively  different  impulses  along  the  same  axis  cylinder, 
should  be  the  last,  not  the  first  resort.  It  would  seem,  then,  that  all 
the  changes  in  muscle,  gland  and  nerve  centres  following  severance 
of  their  nervous  connections  are  a  direct  result  of  disuse  or  altered 
special  activity,  and  do  not  call  for  even  the  modified  trophic  hy- 
potheses of  Tschermak,  But  the  case  of  epithelial  surfaces  such  as 
the  skin  and  the  cornea  does  not  appear  to  be  so  simple,  and  most  of 
the  evidence  in  support  of  the  trophic  nerve  theory  is  derived  from 
these  very  tissues  (skin,  hair,  feathers,  etc.).  The  apparent  trophic 
influence  of  the  central  nervous  system  on  the  skin  cannot  be  an  in- 
direct effect  due  to  the  secretory  nervous  impulses  to  sweat  gland 
and  sebaceous  gland  or  motor  nervous  impulses  to  the  smooth  mus- 
culatures related  to  the  skin,  hair  and  feathers.    Impaired  activity  of 
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the  sebaceous  glands  may  lead  to  changed  appearance  of  the  skin 
surface,  but  it  is  difficult  to  see  how  it  could  result  in  altered  growth 
in  the  deeper  epithelial  strata.  Section  of  a  cutaneous  nerve  results 
.  in  temporary  active  hyperemia,  but  the  increased  flow  and  pressure 
in  the  blood  capillaries  ought  not  to  depress  the  metabolism  of  the 
skin  unless  accompanied  by  edema.  Evidence  is  accumulating  to  the 
effect  that  in  the  exchange  between  the  blood  and  the  tissue  cells  the 
capillary  cells  act  not  only  (if  at  all)  as  simple  membranes  for  filtra- 
tion, transfu^on  and  osmosis,  but  also  as  secreting  membranes.  To 
what  extent  this  secretory  activity  of  the  capillary  cells  is  governed 
directly  by  nervous  impulses  is  not  known.  The  capillary  endothe- 
lium in  many  parts  of  the  body,  at  least,  is  supplied  with  nerves  and 
nerve  endings,  but  their  physiology  b  a  matter  of  conjecture.  As- 
siuning  that  some  of  these  capillary  nerve  fibres  are  efferent  or  secre- 
tory, lesion  of  these  ner\'es  would  probably  result  in  changed  activity 
of  the  capillary  cells,  and  this  in  turn  would  result  in  altered  condi- 
tions  of  the  tissue  cells.  It  would  then  seem  that  the  theories  of 
trophic  nerve  fibres  and  trophic  impulses  in  nerve  fibres  having  other 
functions  are  equally  snperfiuous.  The  changes  in  muscle,  gland  and 
nerve  cells  in  consequence  of  lesion  of  or  altered  activity  of  conduction 
paths  are  probably  the  result  of  disuse  or  altered  special  organ  activity. 
And  the  so-caUed  trophic  changes  in  the  skin  and  epidermal  structure 
can  be  accounted  for  by  altered  activity  of  the  capillary  cells  in  con- 
sequence of  the  hyperemia,  increased  pressure  and  possibly  inter- 
ference with  secretory  fibres. 

A.  J.  C. 
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THE    SEPARATION    AND   ESTIMATION  OF  ASPARTIC 
AND    GLUTAMINIC   ACIDS.' 

Bv   THOMAS   B.  OSBORNE  and  L.    M.   LIDDLE. 
IFrota  the  Laboratory  of  ike  Coimecticut  AfricuUural  Exftrimtta  StaUm.\ 

TN  analyzing  the  mixture  of  amino-adds  which  result  from  protem 
-*■  hydrolysis  it  is  important  to  take  advantage  of  every  means  by 
which  the  present  methods  can  be  improved. 

One  opjwrtunity  for  facilitating  the  separation  of  some  of  the 
amino-adds  is  presented  by  the  fact  that  the  dibasic  aspartic  and 
glutaminic  adds  react  distinctly  add  towards  litmus  but  in  the  form 
of  their  very  soluble  add  sodium  salts  are  neutral  thereto.  In  con- 
sequence of  this  acidity  these  two  amino-adds  may  combine  with  the 
amino  groups  of  such  other  amino-adds  as  may  be  present,  and  thereby 
produce  mixtures  from  which  the  several  components  can  be  separated 
with  great  difficulty  if  at  all. 

In  addition  to  the  opportunity  thus  offered  for  improving  the  sepa- 
ration of  mixtures  of  amino-adds  it  seemed  that  it  would  also  be  pos- 
able,  not  only  to  detect  the  presence  of  dibasic  amino-adds  in  mix- 
tures, but  also.if  only  one  of  them  was  known  to  be  present,  to  measure 
its  amount. 

In  conducting  a  protein  analyas  by  Fischer's  method  it  is  possible 
in  some  cases  to  obtain  glutaminic  add  hydrochloride  contaminated 
with  leucine  hydrochloride,  and  it  has  been  found  that,  when  this 
happens,  it  is  practically  impos^ble  to  separate  these  amino-adds  by 
direct  crystallization.  As  an  illustration  of  this  the  following  experi* 
mentmaybe  dted: 

Five  grams  of  leucine  and  5  gm.  of  glutaminic  add  were  dissolved 
m  50  C.C,  of  dilute  hydrochloric  add,  the  solution  saturated  with 
hydrochloric  add  gas,  and  placed  on  ice  for  some  time.    The  hydro- 

'  The  expenses  of  this  investigation  were  shared  by  the  Connecticut  Agri- 
cultural Experiment  Station  and  the  Canwpe  Institution  of  Washington,  D.  C. 
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dilorides  which  separated  were  sucked  out,  washed  with  ice-cold 
alcoholic  hydrochloric  add,  dissolved  in  30  c.c.  of  water,  and  again 
precipitated  by  saturating  with  hydrochloric  add  gas.  After  cooling 
on  ice  for  some  time  the  crystalline  separation  was  filtered  out  and 
washed  with  cold,  concentrated  alcoholic  hydrochloric  acid.  The 
substance  was  then  dissolved  in  water,  chlorine  removed  with  silver 
carbonate,  and  the  solution  evaporated  to  dryness.  The  residue, 
which  weighed  4.88  gm.,  was  then  dissolved  in  water  and  made  neutral 
to  litmus  with  54.8  c.c.  of  N/i  sodium  hydroxide  solution.  This  quan* 
tity  of  alkali  is  equivalent  to  only  4.03  gm.  of  glutaminic  add,  thus 
indicating  the  presence  of  0.85  gm.,  or  nearly  18  per  cent,  of  leucine 
in  the  residue  which  had  been  twice  predpitated  as  hydrochloride. 

The  filtrate  from  the  first  predpitation  of  the  hydrochlorides  was 
freed  from  chlorine  by  evaporation  and  treatment  with  silver  carbonate, 
evaporated  to  dryness,  and  the  residue  dried  to  constant  weight  at 
110°.  This  residue,  which  weighed  2.47  gm,,  required  4.7  c,c.  N/2 
sodium  hydroxide  solution  for  neutralization  to  litmus,  indicating  the 
presence  of  0.34  gm.  of  glutaminic  add. 

The  filtrate  from  the  second  predpitation  as  hydrochloride,  when 
^milarly  treated,  yielded  a  residue  weighing  1,94  gm,,  which  required 
5.2  c.c.  of  the  alkali  to  make  its  solution  neutral  to  litmus,  which  cor- 
responds to  the  presence  of  0.38  gm.  of  glutaminic  add. 

The  fact  that  the  first  filtrate  from  the  hydrochlorides  contained 
only  2.47  gm.  of  substance  shows  plainly  how  readily  leucine  may  be 
predtHtated  together  with  glutaminic  add  as  the  hydrochloride,  and 
the  results  as  a  whole  show  how  difficult  it  is  to  separate  these  two 
amino-adds  \mder  such  conditions. 

We  have  already  shown  that  in  attempting  to  separate  a  mixture  of 
glutaminic  add  and  leucine  hydrochlorides  only  a  part  of  the  gluta- 
minic add  hydrochloride  could  be  separated  as  such,  for  after  concen- 
trating and  cooling  the  solution  from  which  much  relatively  pure  glu- 
taminic add  hydrochloride  had  separated,  the  remainder  crystallized 
together  with  leudne  hydrochloride.  After  removing  all  of  the  hydro- 
chloric add  the  mixture  of  free  glutaminic  add  and  leucine  still 
failed  to  yield  any  satisfactory  products  when  subjected  to  direct 
crystallization. 

When,  however,  the  solution  was  made  neutral  to  litmus,  the  leudne 
crystallized  out  readily,  and  from  the  mother  liquors  it  was  then  pos- 


DigitizedbyGoOglC 


4^2  Thomas  B.  Osborne  and  L.  M.  Liddle. 

^ble  to  separate  a  further  considerable  quantity  of  glutaminic  add 
hydrochloride. 

In  analyzing  proteins  according  to  Fischer's  ester  method  it  is  diffi- 
cult to  obtain  a  sharp  separation  of  leucine  and  aspartic  acid  esters 
by  distillation  at  low  pressures.  Unless  the  distillation  is  so  «»nducted 
as  to  effect  a  reasonably  complete  separation,  the  leucine  fraction  may 
be  sufficiently  contaminated  with  aspartic  ester  to  make  the  separation 
of  its  constituents  extremely  difficult.  On  the  other  hand,  if  the  leucine 
ester  contaminates  the  upper  fraction,  its  presence  greatly  interferes 
with  the  isolation  of  phenylalanine  in  a  pure  «»ndition,  and  further- 
more the  leucine  itself  cannot.be  separated  and  is  consequently  lost 
from  the  reckoning. 

If  it  were  possible  to  separate  leucine  from  aspartic  add  or  to  esti- 
mate quantitatively  the  one  in  the  presence  of  the  other,  it  would  sim- 
plify the  analysis  and  add  distinctly  to  its  accuracy,  for  a  small  frac- 
tion could  then  be  taken  out  when  distilling  the  esters,  which  would 
consist  essentially  of  leudne  and  aspartic  esters.  By  keeping  this 
small  fraction  separate  all  danger  of  contaminating  the  lower  leucine 
fraction  with  aspartic  add  or  the  upper  aspartic  add  fraction  with 
leudne  can  be  avoided.  We  have  therefore  tried  the  following  experi- 
ments in  the  hope  of  finding  some  means  of  meeting  the  difficulties 
heretofore  encountered  in  separating  these  two  amino-adds: 

In  order  to  learn  with  what  accuracy  a^artic  add  can  be  estimated 
by  titration,  both  alone  and  in  the  presence  of  leudne,  we  prepared  a 
1/20  N  solution  of  aspartic  add  and  a  i  per  cent  solution  of  leudne, 
and  neutralized  various  volumes  of  each  with  a  1/2  N  solution  of  so- 
dium hydroxide  to  a  distinct  blue  reaction  with  delicate  neutral  litmus 
paper.    The  results  are  given  in  the  following  table: 


20  Aspartic 

1%  Leucine 

~  NaOH 

Add  Solution. 

Solution. 

used. 

Calculated. 

I 

I(i 

0" 

9-95 

10 

II 

ISO 

0 

14.90 

15 

III 

0 

50 

0.0s 

0 

IV 

100 

50 

10.00 

10 

V 

100 

ICX) 

10.10 

10 

VI 

100 

200 

10.00 

10 

vu 

50 

3  gro- 

51 

S 

oogic 
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As  the  separation  of  leucine  and  aspartic  add  by  fractional  crystal- 
lization presents  especial  difficulties,  we  prepared  a  solution  containing 
3.325  gm.  of  aspartic  add  and  7  gm.  of  leudne.  This  was  made  neutral 
to  htjnus  with  50.1  c.c.  of  one-half  normal  sodium  hydroxide  solu- 
tion. By  succes^ve  concentration  and  crystallization  from  dilute 
alcohol,  four  crops  of  pure  leucine  were  obtained,  wdgliing  3.54, 
0.96,  0.84,.  and  0.49  gm.  respectively.  Another  crop  weighing  0.53 
gm.  was  not  quite  pure.  The  total  leudne  thus  crystallizing  out 
directiy  wdghed  6.36  gm.,  equal  to  90.8  per  cent  of  that  present  in  the 
solution. 

The  filtrate  from  the  leudne  was  then  evaporated  to  a  small  volume 
and  47  C.C.  of  N/2  HCl  (a  littie  less  than  the  calculated  amount  re- 
quired to  neutralize  the  alkali  previously  added  to  the  solution)  was 
added.  Four  successive  crops  of  a^)artic  add  were  then  separated, 
waghing  respectively  1.72,  0.45,  0.28,  and  o.i  gm.,  making  a  total 
of  2-55  gm.,  or  76.8  per  cent  of  the  3.32  gm.  in  the  original  solution. 

In  a  second  experiment  with  a  solution  contaiiung  15  gm.  of  leu- 
dne and  7  gm.  of  aspartic  add  we  recovered  14.04  gm.  of  leudne  and 
5.54  gm.  of  aspartic  add,  or  93  and  79  per  cent  respectively.  Although 
these  results  leave  much  to  be  desired  in  point  of  accuracy,  they  ap- 
proximate a  complete  sq>aration  more  nearly  than  has  heretofore  been 
pos^ble. 

As  an  illustration  of  the  behavior  of  a  mixture  of  leudne  and  as- 
partic add  when  subjected  to  direct  crystallization,  the  following  may 
be  dted:  A  mixture  of  4  gm.  of  leudne  and  2  gm.  of  aspartic  add  was 
dissolved  in  hot  water,  a  littie  alcohol  added  and  allowed  to  stand  over 
night.     The  first  crop  of  crystals,  which  wdghed  1.4  gm.,  required 

11. 1  c.c.  N/2  sodium  hydroxide  solution  for  neutralization.     This 
corresponds  to  0.74  gm.  of  aspartic  add  and  0.69  gm.  of  leudne. 

The  filtrate,  concentrated  to  indpient  ciystallization,  yielded  a 
second  crop,  which  wdghed  1.42  gm.  This  neutralized  i.i  c.c.  of  the 
alkali,  corresponding  to  0.07  gm.  of  aspartic  add  and  1.35  gm.  of 
leucine. 

The  mother  liquor  from  the  second  crop  of  crystals  neutralized 

18.2  C.C.  of  the  alkali,  indicating  the  presence  of  1.15  gm.  of  aspartic 
add  and,  by  difference,  2.03  gm.  of  leudne. 

From  this  it  is  clear  that  these  two  amino-adds  cannot  be  thus  sepa- 
rated, for  although  at  times  a  crop  of  nearly  pure  leudne  or  aspartic 
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add  may  crystallize  oat,  a  complete  separation  of  dther  one  or  the 
other  camiot  be  obtained. 

In  order  to  apply  this  method  under  conditions  similar  to  those  of  a 
protein  analysis  we  esterified  a  mixture  of  30  gm.  of  leucine  and  15  gm, 
of  aspartic  acid,  extracted  the  esters  with  ether  according  to  Fischer's 
directions,  and  then  distilled  them  at  about  35  mm.  pressure.  The 
leucine  ester  began  to  distil  rapidly  at  107°  (vapors),  the  temperature 
gradually  rising  to  142°.  Most  of  the  ester  which  distilled  between 
these  points  came  over  below  120°,  above  which  very  little  passed 
over.  As  the  distillation  began  to  increase  in  rate  at  142°,  the  first 
fraction  was  collected  at  this  point. 

In  order  to  saponify  any  aspartic  ester  which  the  distillate  might 
contain  it  was  boiled  with  baryta  solution  according  to  the  method 
usually  appUed  to  the  higher  boihng  fractions  of  the  esters.  After 
removing  the  baryta  from  the  first  fraction  the  solution  was  concen- 
trated to  about  500  C.C.  and  titrated  with  N/2  sodiiun  hydroxide 
solution  to  a  distinct  blue  reaction  with  neutral  litmus  paper.  This 
required  16.7  c.c,  corresponding  to  i.ii  gm.  of  aspartic  add. 

By  fractional  crystallization  from  dilute  alcohol  19.4  gm.  of  leu- 
cine were  obtained.  The  mother  Uquor  was  then  evaporated  to  about 
50  c.c.  and  16.5  c.c.  N/2  hydrochloric  add  solution  added.  After 
standing  some  time  0.65  gm.  of  pure  aspartic  add  separated. 

The  mother  liquor  when  evaporated  to  dryness  left  a  residue  wdgh- 
ing  1.85  gm.  Since  o.48_gm.  of  sodium  chloride  was  formed  from  the 
added  alkali  and  add,  the  presence  of  1.37  gm.  of  leucine  and  aspartic 
add  is  indicated.  As  the  amount  of  alkali  required  to  neutralize  the 
original  solution  corresponded  to  i.ii  gm.  of  aspartic  add,  of  which 
0.65  gm.  was  isolated  as  such,  it  can  be  assumed  that  the  residue  con- 
tained 0.44  gm.  of  aspartic  add  and  0.91  gm.  of  leucine. 

The  undistiUed  esters  were  saponified  with  baryta  solution  in  the 
usual  way,  and  after  removing  baryta  the  solution  was  concentrated 
and  cooled,  whereupon  7.46  gm.  of  aspartic  add  separated  in  well- 
develoi>ed  crj^tals.  The  mother  Uquor  on  evaporation  left  a  readue 
weighing  1.38  gm.  Since  this  required  11. 2  c.c.  N/2  sodium  hydroxide 
for  neutralization  to  Utmus,  it  can  be  assumed  to  contain  0.74  gm.  of 
aspartic  add  and  0.64  gm.  of  leudne. 

The  results  of  these  determinations  are  given  in  the  following  table: 
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ted  hv       Leudoe.  AqMrtic  »dd. 


Weighing 
Titration 

19.4 
0.9 

0.65 
0.46 

Fraction  I 

Weighing 
Titration 
Recovered 

0.64 
20.94  = 

=  69.8% 

7-46 
0-74 
9-31  ■ 

Fraction  n 
■  62%    of  amount  taken. 

These  figures  do  not  represent  the  total  amount  of  these  amino- 
adds  that  can  be  recovered  after  esterifying,  for  a  considerable  acci- 
dental loss  occurred  on  liberatiog  the  esters  with  sodium  hydroxide 
solution.  The  ratio  of  the  recovered  aspartic  add  to  the  recovered 
leucine  is  nearly  the  same  as  that  in  the  ori^al  mixture. 

From  these  figures  it  would  seem  possible  to  effect  a  satisfactory 
separation  of  leudne  and  aspartic  add  by  taking  out  a  small  fraction 
of  the  esters  after  most  of  the  ieudne  had  distilled  over  and  before  the 
aspartic  ester  begins  to  distil  freely  and  then  treating  this  separately 
in  the  above  described  manner. 
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gland  with  considerable  ease,  entirely  free  from  adventitious  tissue. 
Later  it  was  found  possible  to  dispense  with  the  microscope  by  remov- 
ing the  glands  directly  to  a  piece  of  smooth  dry  cork  and  there  trimming 
off  the  extraneous  tissue.  This  can  most  effectively  be  done  by  rolUng 
the  moist  organ  over  the  dry  cork;  the  loose  tags  which  adhere  to  the 
cork  can  readily  be  seen,  and  trimmed  off  with  a  sharp  scalpel.  A  subse- 
quent inspection  with  the  microscope  has  shown  that  the  method  is 
entirely  satisfactory  in  its  results.  To  meet  a  possible  criticism  at  this 
point,  it  might  be  mentioned  that  this  procedure  requires  decidedly 
less  skill  than  is  needed  by  any  professional  engraver.  Nothing  more 
than  care  and  practice  is  required  to  eUminate  all  signi&cant  error. 

In  only  two  respects  is  the  technique  that  was  used  worthy  of  note. 
The  pituitary  can  best  be  obtained  by  a  special  procedure.  The  lower 
jaw  is  first  dissected  off,  then  with  a  small  long-bladed  bone  curette 
the  tissues  are  scraped  from  the  roof  of  the  mouth  until  the  sphenoid 
is  laid  bare.  By  means  of  the  same  curette  the  tympanic  bulls  are 
loosened  from  their  attachments  and  removed.  The  sphenoid  is  then 
disarticulated  from  the  presphenoid  by  sUght  traction  and  carefully 
raised  from  the  underlying  structures.  In  case  the  dura  mater  remains 
adherent  it  is  separated  from  the  bone  by  means  of  an  aurist's  spud. 
Then  with  small  curved  scissors  the  area  of  the  brain  to  which  the 
pituitary  is  attached  is  circumsected  and  the  cortical  substance  re- 
moved by  means  of  an  aurist's  spoon  to  a  watch  glass  of  Ringer's 
solution,  where  the  loosely  adherent  meninges  are  carefully  teased 
off.    With  care  this  can  be  done  without  injury  to  the  gland. 

The  pancreas  in  each  case  was  removed  to  a  dish  of  Ringer's  solution, 
and  the  mesentery  trinuned  off.  Then,after  weighing,  it  was  coiled  into 
a  disc  upon  a  piece  of  filter  paper,  so  that  after  fijtation  a  median  sec- 
tion could  be  cut  to  include  the  whole  length  of  the  gland.  It  was 
indsed  at  short  distances  and  dropped  into  fiiitive,  after  which  it 
retained  its  disc  form. 

Each  gland  was  carefully  weighed  on  a  quick-acting  balance,  —  the 
smaller  to  a  tenth  of  a  milligram,  the  larger  to  centigrams  or  milli- 
grams, as  indicated  in  the  tables.  In  case  the  gland  had  to  be  kept  any 
length  of  time  —  for  example,  while  its  mate  was  being  dissected  out  — 
it  was  placed  in  Ringer's  solution.  All  glands  were  weighed  at  as  nearly 
as  possible  the  same  degree  of  dryness,  —  the  superfluous  moisture 
being  removed  by  filter  paper. 
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TABLE  I. 


Gi-AND  Weights,*  Guinea  Ptcs, 


Family  No. 

82 

83 

78 

Protocol  No. 
Sei     .  .  . 
Weight,  gm. 

104 
M 
IZO 

,05 
F 
98 

118 
F 
87 

119 
F 
102 

120 
M 
93 

178 
F 

75 

179 
M 

75 

ISO 
M 

ISl 

F 
73 

AdrenaU    . 
Hypophyaia 
Heart     .  . 
Kidneys    . 
Liver  .  .  . 
Ovariea.  . 
Pancreas    . 
Spleen    .   . 
Testes     .   . 
Thymus     . 
Thyroid     . 

.028 

.50 
.73 

.13 
.08 
.053 
.29 
.025 

.034 

.84 

.0100 
.15 

J2 
.023 

.038 
.0080 
.52 
.86 

.0109 
.22 
.20 

.29 
.029 

.033 

.50 
1.05 

.0100 
.21 
.16 

.28 
.030 

.037 
.0070 
.54 
.96 

.26 
.14 
.096 
.13 
.031 

.031 
.0060 
.46 
1.17 
3.S4 
.0086 
.25 
.12 

JO 
.023 

.032 
.0061 
M 
..08 
3.72 

.29 

.11 
.076 

.23 
J027 

.029 
.0065 
.42 
1.13 
4.22 

.29 
.12 
.064 
.28 
.029 

.033 

.46 

.98 
4.20 
.0096 

.25 

.13 

Jl 
.021 

"  Ei 

pressed 

as  percentages 

The  weights  of  the  whole  animals  and  of  the  various  glands  were 
found  to  vary  in  approsdmately  the  same  proportions.  By  reducing 
the  absolute  weights,  therefore,  to  percentages  of  the  body  weights  a 
comparable  series  can  be  obtained.  Table  I  throws  some  light  on  tbe 
validity  of  the  method.  It  happens  that  the  animals  included  in  the 
table  are  arranged  roughly  according  to  the  body  weights,  in  a  de- 
scending series,  but  no  corresponding  progression  can  be  noted  in  the 
gland  weights.  In  all  cases  therefore  the  weights  have  been  expressed 
as  percentages  of  the  body  weights. 

To  what  extent  the  series  would  have  to  be  carried  to  obtain  satis- 
factory averages  was  not  known.  The  effect  of  fortuitous  variation 
had  to  be  sufficiently  eliminated  to  avoid  confusion  with  any  e]q>cri- 
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Newbobm,  Mobiui.. 


214 

248 

276 

294 

295 

238 

Av. 

227 
M 
114 

249 
M 
60 

250 
M 
89 

285 
F 

286 
M 

47 

291 
M 
60 

292 
F 
61 

293 
M 
61 

299 
F 
70 

300 
M 
65 

419 
M 
60 

77 

J029 
.0M4 
.45 
.98 
4.68 

.28 
.13 
.095 
.20 
J026 

.015 
.0060 
.52 
.77 
5.20 

.13 
.11 
.067 
.42 
.021 

.019 

.46 
.90 
4.64 

.16 
.11 

.070 
J7 
.022 

.021 
.0058 
.50 
,92 
4.75 
.0077 
.19 
.11 

J3 
.026 

,024 
.0074 
.51 
.95 
5.95 

.25 
.13 
.106 
.28 
.024 

.024 
.0065 
.60 
1.03 
4.40 

.22 
.12 
.075 
.23 
.032 

.034 
.0057 
.49 
1.05 
4.30 
.0072 
.13 
.12 

.28 
.026 

.025 
.0052 
J2 
1.08 
4.09 

.21 
.13 
.085 
.31 
.028 

.040 
.0049 
.49 
.93 
4.70 
.0117 
.19 
.15 

.16 
.031 

.038 
.0046 

.54 
.87 
5,47 

.22 
.15 
.075 
.11 
.031 

.030 
.0063 
.54 
1.05 
5.01 

.21 
.11 
.091 
.21 
.032 

.030 

sxm 

.50 
.97 
4.59 
.0095 
.21 
.13 
.079 
.26 
.027 

of  body  WHghU. 

mental  variation  that  might  be  secured.  The  matter  was  studied  by 
plotting  what  may  be  called  Curves  of  Averages  by  Continuous  Sum- 
mation, —  using  as  abscissae  the  niunber  of  individuals  averaged, 
and  as  ordinates  the  average  percentage  weight  calculated  at  each 
addition  to  the  series.  Obviously,  when  the  curve  becomes  continu- 
ously horizontal,  that  is,  when  further  additions  have  no  appreciable 
effect,  the  fortuitous  variation  has  become  negligible,  and  as  nearly  a 
true  norm  has  been  established  as  is  possible  by  the  use  of  "averages." 
In  all  the  curves  an  approximately  uniform  scale  has  been  employed: 
I  mm.  space  represents  about  2  per  cent  of  the  normal  value. 

It  was  found  that  by  the  twentieth  addition  to  the  series,  a  fairly 
satisfactory  horizontal  had  been  reached.   The  average  of  this  num- 
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ber  was  taken  therefore  as  the  norm.  Table  I  gives  the  data  from  which 
the  determinations  were  made,  and  Fig.  i,  the  curves  plotted  from 
this  data  by  the  method  of  continuous  summation. 

After  having  been  wei^ied 
the  glands  were  usually  fixed  in 
Bouin's  formol-picro-acetic  add 
mixture;  this  was  found  to  be 
the  best  of  a  number  of  fix- 
itives  tried,  for  routine  work 
of  this  sort. 

The  tissues  for  histological 
study  were  sectioned  in  paraffin 
at  TO  microns  and  stained  for 
the  most  part  with  Mallory's 
aniline  blue  connective  tissue 
stain.  After  Bouin  fixation  it 
is  necessary,  incidentally,  to 
mordant  the  tissues  on  the  sUdes 
with  plotassium  dichromate. 
This  procedure  gives  an  ex- 
cellent differentiation  of  the 
.-Average  weights  of  glands  of  nor.  parts  of  such  composite  organs 
Dui  new-bom  guinea  pigs,  platted  by  method  as  the  pituitary  and  the  adre- 
of  "averages  by  contiouous  summation."  J^^\^^  and,  in  general,  a  fairly 

AbscissK -average  gland  weights  at  each  ad-  j    l-  .   i      ■      i      ■   .  t7 

di,io.>oO,.,ri„.   o,dl„,l,-.u,.b.„ol  8°°^  histological  picture.    For 

individuals  arraaged.  Weights  are  expressed  finer  details,  however,  slides 
as  percentages  of  body  weights.  One  mm.  were  stained  with  Heidenhain's 
oncurves-,to3percentofnorm.  iron-hematoxylin  and  counter- 

stained  with  orange  G. 
Congenital  experimentation  has  not,  so  far  as  the  writer  is  aware, 
been  heretofore  used  in  investigations  of  the  nature  proposed,  and  one 
of  the  Dumoses  of  the  researrh  was  to  determine  its  availabihty  as  a 
jely  unknown  to  what  extent  the 
.nd  of  her  fetus  are  similar  in  com- 
er, a  tendency  to  chemical  equilib- 
>Ie  that  an  experimental  hyperthy- 

question,  cf.  Zuntz:  Der  Stoffaustauc 
ler  Physiologie;  1938,  vii,  p.  403. 
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roidism  in  the  mother  would  cause  a  parallel  condition  in  the  o£F- 
spring.  It  was  hoped  that  the  experimental  conditions  applied  at  this 
time  of  maximum  plasticity  would  give  the  greatest  possible  mor- 
phological effect  and  that  it  would  prove  an  additional  advantage  to 
throw  the  brunt  of  the  experimental  procedure  onto  a  second  animal 
better  fitted  than  the  newly  bom  one  itself  to  bear  it. 

There  is  little  in  the  literature  to  indicate  to  what  extent  conditions 
affecting  the  internal  secretions  of  the  mother  actually  do  produce  a 
demonstrable  effect  in  her  offspring.  Halsted  *  in  1896,  recorded  that 
partial  thyroidectomy  of  female  dogs  leads  to  marked  congenital  hyper- 
trophy of  the  thyroids  of  their  puppies.  These  results  have  been  con- 
firmed, doubtfully,  by  Edmunds  *  on  a  dog,  and  by  Hunt  *  in  case  of 
guinea  pigs.  Lanz,^  however,  was  unable  to  get  such  an  effect  in  a 
dog  and  two  goats.  Ceni  *  has  noted  that  chicks  hatched  from  eggs 
laid  by  thyroidectomized  hens  usually  show  anomalies  of  develop- 
ment. He  interprets  this  as  a  case  of  "hereditary  effect,  of  secondary 
origin,"  but  it  is  rather  more  likely  due  to  an  abnormal  chemical  com- 
position of  the  eggs,  due  m  turn  to  hypothyroidism  in  the  hens.  The 
clinical  literature  has  not  afforded  more  definite  information.  The 
children  of  goitrous  mothers  often  show  trophic  disturbances,  such  as 
rachitis,  suggesting  disturbed  conditions  of  internal  secretion,*  but 
just  what  these  conditions  specifically  are  does  not  appear. 

From  the  fact  that  the  symptoms  of  hypothyroidism  are  clearly 
recognized,  and  can  be  obviated  by  the  ingestion  of  thyroid  sub- 
stance, there  is  tittle  or  no  question  that  thyroid  feeding  is  a  valid 
method  of  obtaining  a  true  condition  of  hyperthyroidism. 

In  the  "congenital  hyperthyroidism"  series,  twenty-eight  pregnant 
guinea  pigs  were  treated  with  thyroid  substance  in  different  doses, 
and  for  various  lengths  of  time,  as  indicated  in  Table  II  following. 
The  commercial  desiccated  sheep's  thyroid  of  Parke  Davis  &  Co. 
was  used.  The  material,  suspended  in  water,  was  fed  to  the  animal 
with  a  pipette.    In  most  cases  this  was  done  daily;  in  some  instances, 

*  Halsted:  Johns  Hopkins  Hospital  reports,  1896,  i,  p.  373. 

*  Edmunds:  Lancet,  igoi,  Pt.  i,  p.  1451. 

*  Hunt:  Journal  of  the  American  Medicil  Association.  1907,  xlix,  p.  1313. 
'  Lanz:  Beitrsge  sur  klinische  Chinirgie,  1909,  xlv,  p.  io3. 

*  Ceni:  Archives  italiennes  de  biologic,  igsj,  xlii,  p.  410. 

*  Schuauch:  American  journal  of  obstetrics  and  diseases  ol  women  and 
children,  1909,  U,  p.  i. 
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TABLE  n. 

MoTHEBS  ON  Thyroid  Diet. 


Protocol. 

Dose. 

Time. 

Total  Dose. 

Results. 

56 

0.2-0,025 

Urn. 
51 

2.55 

Delivered  3,  Nos.  175-177. 

75 

0.10 

13 

0.13 

Died,  tbyiDidUm. 

U 

17 

87 

0.10 

8 

0.80 

88  ■ 

0.05 

4 

azo 

DeBvered  2,  Nos.  135-136. 

91 

0.25 

8 

2.00 

146 

0.025 

7 

.175 

Died,  tbyroidism. 

149 

0.10 

IS 

1.50 

151 

0.025-0.10 

13 

a7o 

bom. 

154 

0.025-0.05 

22 

.85 

Delivered  3,  Nos.  207-2a>.  AH 
stillborn. 

155 

0.05-0.1 

16 

1.60 

164 

0.1 

11 

1.10 

165 

0.025-0.015 

42 

0.55 

Aborted. 

169    • 

0.015 

22 

0.33 

Delivered  2,  Nos.  369^70. 

171 

OiK-0.025 

36 

0.94 

Delivered  2,  Nos.  406-407. 

191 

ao2 

0.18 

Delivered  3,  Nos.  288-290. 

217 

ao5 

0.20 

232 

0.M 

0.40 

DeUvered  3,  Nos.  278-279, 1  still- 
bom. 

233 

0.015 

22 

0.33 

Aborted. 

235 

0.025 

0.225 

Aborted. 

236 

0.025 

0.225 

Died,  thyroidism. 

237 

Aborted. 

238 

0.020- 

10 

0.20    , 

Aborted. 

252 

0JO2S 

20 

0.50 

256 

0.025 

0.150 

Aborted. 

261 

0.015 

0.135 

Delivered  1,  No.  287. 

296 
297 

0.015 
with  rests. 
0.010 

40 
8 

0.49 
0.080 

Delivered  2,  Nos.  408-409. 
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however,  longer  intervals  were  employed.  In  most  instances  the 
treatment  was  continuous,  but  the  effect  of  alternating  periods  of 
treatment  with  those  of  rest  was  also  tried.  The  essential  details  of 
the  experiments  are  set  forth  in  the  table.  An  inspection  of  the  table 
shows  that  idiosyncrasy  plays  a  large  part  in  such  experiments. 
Animal  No.  297  succumbed  to  a  dose  of  o.oi  gm.  per  day  for  eight  days, 
while  animal  No.  91  survived  for  the  same  length  of  time  a  dose 
twenty-Bve  times  as  great.  In  the  animals  that  survived,  abortions 
were  frequent.  In  most  cases  0.015  gm.  per  day  could  be  borne,  but 
even  this  dose  was  too  great  in  case  of  animal  No.  233.  The  greatest 
dosage  that  produced  neither  death  nor  abortion  was  in  case  of  No.  56, 
in  which  the  amount  varied  from  0.2  gm.  for  a  few  doses  at  the  begin- 
ning to  0.025  g™-  P*''  *^^y  *t  thfi  c°d.  The  method  of  continuous 
treatment  was  found  more  efficacious  than  discontinuous,  but  more 
likely  also  to  cause  death  or  abortion. 

From  the  mothers  in  this  series  there  were  obtained  twenty-one  off- 
spring. With  the  exception  of  one  famUy,all  the  animalswere  bom  alive 
and  were  apparently  perfectly  normal  in  every  way  except  as  to  the  size 
of  the  glands  considered;  family  No.  154  was  still-born,  but  showed, 
otherwise,  every  evidence  of  being  quite  as  nearly  normal  as  the  others. 
The  weights  of  their  organs  are  tabulated  in  the  order  of  the  total 
amount  of  thyroid  given  to  each  mother  (Table  III).  Since  no  account 
is  taken  of  the  weights  of  the  mothers,  however,  the  results  are  only 
approximately  quantitative.  Within  the  families  the  columns  have 
been  arranged  in  a  descending  series,  according  to  the  weights  of  the 
thyroid  glands. 

In  this  particular  series  the  averages  of  the  gland  weights  are  not 
very  significant  as  stich,  on  account  of  the  preponderance  of  cases  in 
which  the  dosage  had  been  too  slight  to  exert  a  demonstrable  effect. 

Histological  studies  were  made  of  the  material  from  Protocols  Nos. 
136,  278, 406, 408,  and  409  from  the  experimental  series,  and  from  Nos. 
118,  I30,  and  285  as  "normab." 

To  summarize  the  results  of  the  experiments,  it  appears  that  as  an 
effect  of  thyroidism  in  the  mother,  the  weights  of  the  adrenals  were  de- 
pressed from  the  normal.  In  the  offspring  of  mother  No.  56  which 
had  received  the  greatest  amount  of  thyroid  substance,  the  average 
depression  of  these  glands  was  53  per  cent.  Histologically  they  ap- 
peared normal  in  every  way,  except  that  the  iedthin  (?)  globules  of 
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TABLE  m. 


Gland  Weights,' 

GtriKBA  Pics, 

FftDuly  . 

261 

191 

88 

169 

232 

Dose,  gm. 

.135 

.18 

.20 

M 

.40        , 

Protocol.  N 

0.    287 

288 

289 

290 

135 

136 

370 

369 

279 

278  ■ 

Sex    .    . 

F 

M 

M 

M 

F 

M 

F 

H 

M 

F    1 

Weight,  gm 

100' 

68 

80 

73 

31 

63 

70 

70 

77 

Tol 

Adrenals 

.029 

.029 

.029 

.031 

.025 

.017 

.036 

.041 

.021 

.021  , 

Hypophyu. 

.0041 

.0050 

.0048 

.0055 

.0071 

.0057 

.0067 

.0043 

.OMl, 

Heart     . 

.46 

.42 

.43 

.42 

.45 

.43 

.46 

.47 

J2 

.50 

Kidneys. 

.91 

.78 

.85 

1.01 

.97 

.82 

.84 

.71 

J2 

^7   j 

Liver.    . 

5.19 

5.16 

4.82 

4.13 

4.90 

4J1 

4.86 

4.11 

5.14 

5.97  , 

Ovaries  . 

.0065 

.0110 

.0061 

■■ 

.0087  ^ 

Pancreas 

.22 

.19 

.19 

.22 

.16 

.16 

.18 

.24 

JO 

Spleen    . 

.09 

.U 

.12 

.12 

.12 

.13 

.08 

.07 

.09 

1 

Testes    . 

.090 

.094 

.100 

.071 

.070 

.094 

Thymus. 

.35 

.32 

.34 

.43 

.68 

.64 

.30 

.31 

az 

.32   1 

Thyroid. 

.028 

.029 

.028 

.027 

.032 

.028 

.030 

.024 

.032 

.026] 

<  Expressed 

IS  percentages 

the  cortical  cells  were  rather  less  prominent  in  the  experimental  series. 
By  inspection  no  differences  could  be  recognized  in  pigmentation,  in 
the  number  of  mitoses,  or  in  the  proportions  between  cortex  and 
medulla. 

A  possible  explanation  of  these  results  is  that  the  depression  was  a 
direct  reaction  to  excess  of  thyroid  substance  in  the  matemal-fetal 
body  fluids.  Such  an  interpretation,  however,  would  be  opposed  to 
the  conclusions  of  Bruckner '"  and  of  Rudinger,  Falta,  and  Eppinger  " 

lo  Bruckner:  Comptes  rendus  soci£t£  de  biologie,  1908,  Iziv,  p.  1113. 

"  RuDiNGEK,  Falta,  and  Eppinser:  Zcitschiift  ftlr  kliniache  Medicin,  190S, 
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TABLE  in. 
New-boxn,  Congenital  Tsysoidish. 


296 
.S9 

151 
.70 

154 
.85 

171 
.94 

56 
2.50 

.Av. 

S'orm. 

408  ■  409 

182 

208 

209 

207 

406 

<07 

176   175 

77 

M  ■  M 

F 

M 

M 

F 

M 

F 

F  !  F 

M 

65  ]  67 

86 

57 

61 

51 

60 

56 

58   55 

57 

65 

77 

.024  .030 

.023 

.020 

.018 

.018 

.020 

.032 

.014  .014 

.012 

.024 

.030 

.0060 

.0058 

.0053 

.0080 

.0070 

.0059 

.0053 

.005* 

.0067  .0045 

.0063 

.0054 

-0060 

JO 

.45 

.48 

.50 

.56 

.46 

.50 

J8 

.35 

.42 

.46 

.50 

.80 

.84 

.78 

.1.00 

1.08 

.94 

.89 

1.05 

.87 

.83 

.83 

,89 

.97 

5.63 

4.75 

6.21 

3.90 

4.13 

4.15 

4.02 

4.81 

5.13 

4.59 

.0059 

.0077 

.0055  1 .0049 

.0070 

.0095 

J6 

.21 

.15 

.20 

,22 

.25 

.24 

.25 

.18 

.20 

.17 

.21 

.21 

.10 

.14 

.11 

.18 

.17 

.12 

■09 

.11 

.11 

.10 

.11 

.11 

,13 

.OSS 

.067 

080 

.070 

.074 

.110 

.056 

.079 

.079 

.50 

J2 

.38 

.20 

.47 

.33 

.30 

.30 

,53 

,62 

.63 

.41 

.26 

.020 

.OB 

.018 

.018 

.017 

.014 

.020 

.018 

.013 

.012 

.012 

.022 

.027 

of  body  weights.  . 

that  the  thyroid  stimulates  the  adrenals.  It  is  possible  to  account  for 
the  adrenal  depression  in  harmony  with  their  views  on  the  supposition 
that  the  adrenals  of  the  mother  had  been  stimulated  by  the  thyroid 
substance,  and  a  condition  of  adrenalism  thus  produced  in  both  mater- 
nal and  fetal  organisms.  The  adrenals  of  the  offspring  reacted  to  this 
condition  by  hypoplasia,  and  a  decreased  production  of  the  fat-like 
secretion  of  the  cortex.  This  latter  result  harmonizes  with  Marenesco 
and  Parhon's  "  conclusion  that  the  formation  of  this  substance  is  espe- 
cially influenced  by  thyroid  conditions. 

I*  Mas£ni8C0  et  Pasbon: 'Comptes  rendus  sod£t£  de  biologie,  1908,   Ixiv, 
p.  768. 


Digitized  byGoOgIC 


436  R-  G.  Hoskins. 

The  results  as  regards  the  hypophysis  were  inconclusive.  In  family 
No.  56  there  was  a  depression  of  about  3  per  cent  only,  but  the  average 
lor  the  whole  series  was  10  per  cent  below  the  normal.  The  varia- 
bility of  the  weights  of  the  pituitaries  of  the  series  was  so  great  that  a 
deviation  of  this  magnitude  is  not  very  Kgnificant.  No  differences  at 
all  between  the  normal  and  the  experimental  glands  could  be  recog- 
nized histologically.  Eosinophile  cells  were  notably  numerous  in  both ;  - 
about  50-60  per  cent  of  the  anterior  lobe  was  made  up  of  this  type. 
No  colloid  was  observed  in  any  of  the  glands.  In  view  of  the  close  cor- 
relation that  supposedly  exists  between  the  thyroid  and  the  pituitary, 
the  negative  results  obtained  were  hardly  expected. 

The  ovaries  showed  a  considerable  depression  from  the  normal.  In 
the  extreme  case  —  Family  No.  56  —  the  average  depression  wsis  45 
per  cent.  Sufficient  material  for  histological  study  was  not  available 
to  permit  significant  conclusions.  In  the  normal  cases  studied,  how- 
ever, oocyte  formation  was  further  advanced,  and  mitoses  in  the  fol- 
licular cells  more  numerous  than  in  the  experimental  case.  An  ex- 
planation similar  to  that  suggested  in  regard  to  the  adrenals  would 
account  for  the  ovarian  depression;  i.  e.,  that  it  was  a  hypoplasia  due 
to  excess  of  ovarian  secretion  produced  in  the  mother  by  the  thyroid 
medication. 

The  pancreas  was  not  demonstrably  affected.  Particular  attention 
was  paid  to  the  islands  of  Langerhans,  but  no  difference  could  be  ob- 
served in  their  size,  numbers,  constituent  cells  or  frequency  of  mitoses. 

No  demonstrable  di£ference  occurred  either  in  the  weights  or  histo- 
logical character  of  the  testes. 

The  thymus  showed  an  average  hypertrophy  of  38  per  cent.  In 
Family  No.  56,  the  average  weight  was  137  per  cent  above  normal. 
Histological  study  indicates  that  the  hj^pertrophy  was  largely  or 
entirely  confined  to  the  cortical  tissue  which  was  proportionately  in 
excess.  The  mitoses  which  were  notably  more  numerous  in  the  experi- 
mental material  were  mostly  confined  to  the  cortical  zone.  No  differ- 
ence was  observed  in  the  corpuscles  of  Hassal.  Unless  it  be  asstmied 
that  the  maternal  thymus  is  normally  functional  and  that  this  function 
was  depressed  by  the  excess  of  thyroid,  there  is  noapparent  explanation 
for  the  hyperplasia  of  the  organ  except  as  due  to  a  direct  stimulating 
effect  of  the  thyroid  material.  Since  there  is  no  nervous  connection 
between  the  mother  and  fetus,  it  must  be  a  pure  hormone  reaction. 
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This  coDdition  is  in  harmony  with  the  frequent  clinical  finding  of 
hypertrophied  or  persistent  thymus  in  Graves'  disease.  The  reaction 
may  be  worth  investigating  further,  for  its  bearing  on  the  etiology  of 
status  lymphaiicus,  in  which  thymus  hypertrophy  and  adrenal  h>po- 
plasia  are  prominent  features. 

The  thyroid  weights  in  the  experimental  series  were  also  depressed ; 
in  Family  No,  56  the  average  weight  is  56  per  cent  below  normal.  His- 
tologically, the  normal  and  experimental  glands  were  rather  similar  in 
appearance.  Colloid  was  equally  abundant  in  both.  The  cells  lining 
the  alveoU,  however,  were  somewhat  shorter  than  normal.  Since,  as 
has  been  noted  by  Halsted  *  and  others,  increased  activity  of  the  thy- 
roid is  marked  by  a  notable  increase  in  the  height  of  the  alveolar  cells, 
the  histological  appearance  as  well  as  the  decreased  weight  indicate  de- 
pressed functioiung  in  the  glands  of  the  experimental  series.  The  hy- 
poplasia of  the  thyroids  was  in  all  probabiUty  simply  a  compensatory 
reaction  to  the  experimental  hyperthyroidism,  just  as  the  hypertrophy 
noted  by  Halsted  after  thyroidectomy  was  a  direct  reacUon  to  hj-po- 
thyroidism. 

It  is  interesting  to  note  that  in  the  "normal"  family,  No.  248,  in 
which  spontaneous  thyroid  depression  occurred,  a  hypoplasia  of  the 
adrenals  and  a  slight  hypertrophy  of  the  thymus  also  were  found. 

The  explanation  offered  in  case  of  the  adrenals  suggests  the  chief 
objection  to  congenital  experimentation  as  a  method.  It  is  appar- 
ently in  some  degree  fitted  to  demonstrate  the  existence  of  relarionships 
between  organs,  but,  except  in  the  case  of  the  testes,  which  do  not 
occur  in  the  mother,  an  unequivocal  explanarion  of  any  results  secured 
is  not  possible.  They  might  be  a  direct  effect  of  influences  acting  upon 
the  fetal  structures,  or  a  secondary  effect  of  influences  upon  the  ho- 
mologous maternal  structures.  The  two  possibilities  lead  to  exactly 
opposite  conclusions. 

Two  other  objections  suggest  themselves.  The  abnormal  gland 
weights  that  were  found  in  the  experimental  animals  might  be  due 
either  to  premature  birth  or  to  a  selective  wasting  effect  of  thyroid 
medication  upon  the  body  tissues.  There  is  reason  to  think,  however, 
that  neither  is  valid.  Jackson  "  has  recently  published  the  results 
of  an  extensive  investigation  of  the  percentage  weights  or  fetal  glands 
at  various  ages,  and  his  curves  show  that  no  such  deviations  occur 
"  Jackson:  American  journal  of  anatomy,  1909,  ix,  p.  119. 
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shortly  before  birth  as  were  found  in  the  present  series.  His  results 
are  based  upon  human  material,  but  they  are  probably  of  general 
applicability.  The  fact  that  the  thymus  hypertrophied  militates 
against  the  second  objection,. in  that  this  gland  is  remarkably  sub- 
ject to  atrophy,  in  conditions  of  general  emaciation," 

The  method  has  the  distinct  advantage  that,  as  regards  the  end  ef- 
fects, direct  nervous  influences  are  excluded.  Any  results  secured, 
therefore,  must  be  explained  ultimately  upon  a  hormone  basis. 

My  thanks  are  due  to  Prof.  W.  B.  Cannon  for  his  constant  interest 
in  the  progress  of  this  work  and  for  many  helpful  criticisms. 

"  Howell:  Text-book  of  physiology,  3d  edit.,  Philadelphia,  1909,  p.  840. 
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THE  PROPHYLACTIC  ACTION  OF  ATROPIN  IN  IMME- 
DUTE  ANAPHYLAXIS  OF  GUINEA  PIGS.  —  THIRD 
COMMUNICATION. 

By  J.  AUER. 
[From  the  Diparlment  of  Physiology  and  Pharmacology  of  the  Rocktjditr  lnaituU.\ 

iNTBODCCnON. 

ABOUT  one  year  ago  it  was  stated  in  a  preliminary  note  •  that 
atropin  sulphate  could  prevent  the  death  of  a  guinea  pig  from  a 
very  acute  type  of  anaphylaxis  which  we  later  tenned  the  immediate 
anaphylactic  reaction.'  We  first  used  atropin  because  the  experimen- 
tal facts  which  we  obtained  in  our  investigation  all  pointed  to  the  con- 
clusion that  the  bronchial  muscles,  especially  those  of  the  finer  tubes, 
played  an  important,  if  not  the  most  important,  rdle  in  the  production 
of  the  pulmonary  stenosis  which  led  swiftly  up  to  the  death  of  the 
animal  by  sisphyxia.'  On  the  basis  of  this  conclusion,  which  has  ^oce 
been  adopted  by  Anderson  and  Schultz  *  and  by  Biedl  and  Kraus,^  it 
was  natural  that  atropin  should  be  employed  because  of  its  well-known 
paralyzing  action  upon  the  vagus  endings  in  the  bronchial  muscles. 
This  action  of  atropin  was  first  shown  by  Dreser  •  and  was  later  cor- 
roborated by  Beer,'  Einthoven,'  and  by  Dixon  and  Brodie.*  The  thera- 

*  Aver  and  Lewis:  Journal  of  the  AmericaD  Medical  Assodation,  1909,  viii , 
P-  458. 

*  AuEB  and  Lewis:  Journal  of  eiperimeDtal  medicine,  igio,  zii,  p.  153. 

*  AtJEB  and  Lewis:  Ibid.,  pp.  165-169. 

*  Anderson  and  Schultz:    Proceedings  of  the  Society  for  Experimental 
Biology  and  Medicine,  1909,  vii,  p.  34. 

*  Biedl  and  ExAOS:  Wiener  klinische  Wochenschrift,  1910,   xiiij,    No.    11, 
p.  386. 

*  Dbesek:  Aichiv  fUr   ezperimentelle  Pathologic  und  Phannakologie,  1890, 
xxvi,  p.  255. 

'  Beer,  Aichiv  ftir  Phyuologic,  i8gz,  Supplement-Band,  p.  150. 
■  Edithoven:  Archiv  fUr  die  gesammte  PfayMologie,  1^1,  li,  p.  418. 
»  Dixon  and  Brodie:  Journal  of  physiology,  1903,  ixix,  pp.  i6j,  168. 
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peutic  results  we  obtained  with  this  alkaloid  in  an  experimental  test 
were  gratifying  and  were  reported  in  our  preliminary  note.  Since  that 
time  some  series  of  experiments  have  been  carried  out  in  guinea  pigs  of 
varying  sensitiveness,  and  these  results  will  be  briefly  reported  in  the 
following  pages. 

Experiments. 

In  order  that  a  clear  conception  of  the  course  of  these  experiments 
may  be  obtained,  two  specimen  protocols  will  be  given  which  may 
serve  as  types,  and  the  experiments,  which  will  be  presented  later  in 
tabular  fonn,  were  carried  out  in  this  fashion. 

Control  Experiment,  June  30,  igio.  — .G.  pig,  male,  F  16;  700  gm.     Sensi- 
tized Nov.  17,  1909,  by  I  cc.  H.  S.  subc. 

10.27.  Stretched  on  electric  pad  at  L.  Start  etber. 
10.29.  Cannula  in  external  Jugular  vein;  stop  ether. 
10.31.    Rectal  temperature  38.8°. 

10.35.  °-S  ^■^-  1°  P^''  "1^  heated  H.  S.  jug.  vein;  i3-^c.c.  Ringer 
sol. 

10.36.  Chest  sinks  in  fairly  well  with  inspiration.  Respiration 
slowed. 

10.363^.  Chest  sinks  in  strongly  with  each  inspiration.  Re^ira- 
tionslow;  struggles,  no  sound  audible. 

ro.37.  Chest  sinks  in  strongly  with  inspiration;  tongue  bluish; 
struggles,  choked  squeak. 

10.39,  Short  convulsions;  no  respiratory  sound  audible. 

10.40,  Mouth  opens  with  inspiration;  chest  movements  getting 
less  and  less;  visible  peristalsis. 

10.41,  No  respiration.    Rectal  temperature  38,7°. 

Autopsy:  Lungs  typical,  large,  full,  pale  bluish  pink;  left  upper  lobe 
only  slightly  distended;  no  diSerence  between  two  sides  otherwise. 
Atropin.    June  30,  iQio.  —  G.  pig,  male,  F  19;    700  gm.    Sensitized  Nov. 
17, 190Q,  by  I  cc.  H.  S.  subc. 

11.40.    Stretched  on  electric  pad  at  L.    Start  ether. 

11.44.     Cannula  in  external  jugular  vein;  stop  ether. 

11.50.  Recta!  temperature  39.9°. 

11. 51.  2  mg.  atropin  sulph.  jug.  vein  (i  per  cent  solution).  0,5  cc, 
10  per  cent  heated  H.  S.  jug.  vein;  i]/^  cc  Ringer  sol. 

11.52)^.    Slight  sinking  in  of  chest  with  inspiration. 
11.53.    Sharp  struggle  with  some  rather  choked  squeaks. 
11,55,    Slight  sinking  in  only  of  chest;  sharp  struggles  with  choked 
squeaks. 
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11.56.  Same;  during  struggles  air  heard  issuing  from  mouth  and 
nose. 

11.57.  Same;  only  slight  sinking  in  of  chest;  respiration  moderately 
rapid. 

11.59.  Chest  sinks  in  a  bit  more,  i  mg.atropin,  jugular  vein;  i  c.c. 
Ringer  sol.  to  wash  out  cannula. 

12.05.  Chest  sinks  in  only  very  moderately  with  inspiration.  Wound 
washed  with  3.5  per  cent  carbolic  sol.  Sutured;  squeaks  slightly  as 
needle  passes  through  skin.    Rectal  temperature  40.4°.    Placed  in  box. 

13.08.  Moves  about  box;  holds  head  up;  hair  of  head  and  neck 
erect,  smooth  over  rest  of  body.  Respiration  rapid.  Occasionally 
hind  legs  straighten  abruptly  and  raise  rump  of  animal. 

1.10.    Good  condition. 

3.40.    Good  condition. 

July  I,  10  A.  u.    Lively  and  active. 

Jidy  7.    Well,  lively  and  active. 

The  protocols  quoted  above  show  well  that  the  lungs  are  markedly 
involved  in  immediate  anaphylaxis  and  that  atropin  reduces  these 
manifestations  strongly.  Yet  the  significance  of  the  protocob  is  not, 
perhaps,  obvious,  and  for  this  reason  a  graphic  record  of  the  lung 
changes  themselves  is  given.  Fig.  i  shows  these  changes  very  well. 
This  tracing  was  obtained  from  a  guinea  pig  which  had  been  sensitized 
June  4,  1909,  by  the  subcutaneous  injection  of  5  c.c.  of  meningitis 
serum.  On  September  37,  1909,  this  animal  was  stretched  out  on  an 
electric  pad,  etherized,  both  vagi  cut;  a  pleural  cannula  fixed  in  the 
right  pleural  cavity;  3.5  mg.  curarin  injected  into  the  external  jugular 
vein  and  artificial  respiration  started.  The  volume  changes  of  the 
lung  were  recorded  by  connecting  the  pleural  cannula  with  a  Marey 
tambour,  upstroke  of  the  writing  lever  being  caused  by  inflation  of 
the  lung.  Both  vagi  were  first  stimulated  to  cause  a  bronchial  tonus 
(not  reproduced  in  tracing).  Then  0.6  c.c.  of  anti-meningitis  (horse) 
serum  was  injected  into  the  jugular  vein  and  the  cannula  washed  clear 
by  t  c.c.  of  saline  solution.  Within  a  few  seconds  (time  is  marked  in 
four-second  intervals  on  tracing)  and  before  the  salt  solution  is  in- 
jected, a  well-marked  increase  in  the  lung  volume  oscillations  occurs, 
a  broncho-dilatation,'"  which  is  followed  swiftly  by  a  broncho-constric- 

'*  AuER  and  Lewis:  Journal  of  experimental  medidne,  1910,  xii,  pp.  167.  168. 
This  has  also  been  observed  by  Biedl  and  Kraus:  Loc.  cU.,  p.  386. 
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tion  of  such  a  degree  that  the  air  blasts  from  the  artificial  respiratioa 
machine  hardly  cause  any  volume  changes  in  the  lung,  although  the 
volume,  force,  and  rate  of  the  air  dehvery  has  in  no  wise  been  altered. 
The  animal  now  receives  practically  no  air,  and  if  it  were  not  curarized 
would  show  powerful  stni^les  followed  swiftly  by  asphyctic  convul- 
sions and  death."    In  the  tracing  under  consideration,  however,  con- 


FtGUKE  1.  —  From  the  right  pleural  cavity  of  a  sen^tized  curarized  guinea  pig  September 
27,  190Q.  Upstroke  =  inflation  of  lung  under  artificial  respiration  from  a  machine- 
Time  =  four-second  intervals.  At  once  after  the  intravenous  injection  of  0,6  c.c.  of 
horse  serum  (first  black  band),  a  short  but  well-marked  broncho-dilatation  occurs. 
This  is  swiftly  followed  by  an  almost  maiimal  broncho-constriction.  During  this 
broncho-constriction  3  mg.  atropin  and  again  2  mg.  were  injected  into  the  jugular  vein. 
Note  prompt  return  of.  lung  oscillations. 

ditions  were  not  allowed  to  progress  to  this  pass,  but  5  mg.  of  atrcq>in 
were  injected  into  the  jugular  vein.  Very  swiftly,  a  matter  of  seconds, 
the  volume  changes  of  the  lung,  due  to  the  artificial  respiration,  begin 
to  increase,  showing  that  the  pulmonary  stenosis,  which  had  been  pro- 
duced by  the  horse  serum,  was  slowly  yielding  to  the  atropin.  A 
second  injection  of  atropin,  this  time  2  mg.,  was  given,  perhaps  un- 
necessarily, to  hasten  the  removal  of  the  stenosis,  and  two  and  one- 
half  minutes  after  the  first  atropin  injection  the  lung  again  expands 
and  collapses  to  artificial  respiration  even  better  than  before  the  in- 
jection of  the  toxic  dose.  This  tracing  (Fig.  1)  shows  at  a  glance  the 
kernel  of  this  communication. 

While  this  tracing  shows  well  the  vital  functional  interference  which 
horse  serum  causes  in  a  sensitized  guinea  pig  and  its  removal  by  atropin. 
there  is  nothing  which  conveys  to  the  eye  the  marked  gross  anatomical 
change  which  accompanies  this  alteration  of  lung  function."  In  order 
to  show  this  and  also  the  effect  of  atropin,  two  guinea  pigs  from  the 

"  See  Plate  VIII,  Auek  and  Lewis:  Loc.  cU.,  for  a  gra^^c  registration  of  this. 
'*  AuER  and  Lewis:  Loc.  cit.,  p.  157. 
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same  lot,  sensitized  by  the  subcutaneous  injection  of  i  c.c.  of  horse 
serum  on  November  17,  1909,  received  on  January  24,  1910,  intra- 
venously 0.3  C.C.  of  a  10  per  cent  solution  of  heated  horse  serum." 
One  of  these  guinea  pigs  had  received  3  mg.  of  atropin  subcutaneously 
about  fourteen  minutes  before  the  toxic  dose  of  horse  serum.  The 
control  animal  died  with  typical  respiratory  symptoms  in  five  min- 
utes, while  the  atropin  animal  showed  practically  no  respiratory  in- 
volvement during  ten  minutes  of  observation,  when  it  was  killed  by 
section  of  the  medulla.  The  lungs  of  these  animals  were  excised  and 
photographed.  Fig.  ;  is  a  reproduction  of  this  photograph.  In- 
spection of  this  picture  shows  that  the  difference  between  the  two  lungs 
is  striking:  The  control  lungs  (b  in  the  picture)  are  pale,  full,  and 
light  of  weight;  they  seem  to  be  fixed  in  an  inspiratory  condition  in 
spite  of  the  fact  that  they  are  excised  from  the  thorax  and  that  there  is 
no  mechanical  obstruction  in  the  trachea;  moderate  tracheal  inflation 
would  exert  no  effect  on  the  lung  volume."  They  are  full  of  air  which 
cannot  escape,  and  inspection  of  the  lung  surface  with  the  naked  eye 
shows  beautifully  the  distended  alveolar  air-sacs.  If  the  lung  surface 
had  been  pricked  by  a  needle  (which  was  done  in  numerous  other  ex- 
periments) ,  air  mixed  with  a  little  blood  would  have  been  seen  bubbling 
out  as  if  under  some  tension.  In  short,  the  lungs  of  this  control  animal 
look  exactly  like  normal  lungs  at  the  end  of  a  full  inspiration;  ^  the 
only  difference  b  that  these  anaphylactic  lungs  maintain  this  inspira- 
tory condition  when  removed  from  the  thorax,  the  atmospheric  pres- 
sure and  the  pull  of  the  stretched  elastic  tissue,  which  strain  to  empty 
the  lung,  being  counteracted  by  a  stenosis  of  the  pulmonary  air  pas- 
sages." These  lungs  again  indicate  clearly  why  the  animal  died  of 
asphyxia.  On  the  other  hand,  the  lungs  of  the  atropin  animal  (a  in 
Fig.  2)  show  a  very  different  appearance:  they  are  collapsed,  small, 
and  almost  air-less,  about  one  half  the  size  of  the  anaphylactic  lungs; 
'their  color  is  a  dark  gray,  and  the  surface  of  the  lungs  shows  numerous 

"  It  must  be  added  that  in  both  animab  the  right  vagus  had  been  resected  od 
January  ii.  I  have  shown  in  another  place  (Proceedings  of  the  Society  of  Eicperi- 
mental  Biolc^  and  Medicine,  1910,  vii,  p.  104)  that  this  has  no  effect  on  immediate 
anaphylaxis. 

"  AuER  and  Lewis:  Loc.  cU..  p.  162;  also  Biedl  and  Kkaus:  Lot.  cit..  p.  586. 

>*  For  a  fuller  description  of  the  typical  anaphylactic  lung  see  Auek  and  Lewis: 
Loc.  cU.,  p.  156. 

'•  The  production  of  this  stenosis  is  shown  in  Fig.  i. 
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fine  wrinkles  (not  well  brought  out  in  the  photograph) ;  on  immediate 
moderate  rhythmic  inflation  these  lungs  would  expand  and  collapse 
readily;  in  short,  these  atropin  lungs  look  like  those  which  may  be  seen 
in  any  normal  guinea  pig  shortly  after  death  when  the  thorax  is  opened. 
There  is  one  exception,  however,  to  be  noted;   the  right  middle  lobe 
looks  pale  and  distended,  and  this 
lobe  resembles  the  lungs  of  the  con- 
trol animal;  this  lobe  is  fixed  in  a 
more  or  less  inspiratory  condition 
and  contains  a  good  amount  of 
air ;  the  significance  of  this  partial 
inspiratory  immobilization  will  be 
considered  in  another  place.    From 
this  description  it    may    readily 
be  seen  that  the    impairment  of 
lung  function  which  horse  serum 
Figure  2.  —  Lungs  from  two  guinea  pigs    produced  in  the  sensitized  guinea 
of  the  Mine  lot.    Magnification  about      j      ^ad    been    successfully    de- 

2  X.     Both  guinea  pigs  were  sensitized  ,    ,  .  ,  . 

November  19, 1909,  by  the  subcutaneous      "C^Sed   by  atropm   SO   that   It   nO 

injection  of  I  C.C.  horse  serum.  On  Jan-    longer  menaced  the   life  of    the 
uary  11,  1910,  the  right  vagus  was  te-    animal;    here    atropin  exerted  a 

sected  in  the  nect  of  each.    On  January  curaUve  effect. 

24,  1910.  the  animal,  whose   lungs  are 

marked  a  In  the  photograph,  received  3  I"  the  foregoing  pages  proof  of 

mg.  of  atropin  subcutaneousiy;  founeen  various  kinds  has  been  submitted 

minutes  Uter  the  toric  dose,  0.3  c-c.of  a  (hat    atropin     may    prevent    or 

10  pet  cent  solution   of  heated   horse        .     .■,,>.       j      .i_  .      ■ 

serum.wasinjectedimothejugularvein;      ^''''I'sh     the    death-producing    in- 
ten  minutes  later  the  animal  was  killed      spiratory    immobilization    of      the 

by  section  of  the  medulla.  The  lungs    guinea    pig's  lungs  in  immediate 
were  then  «dsed«id  photographed  to-    anaphylaxis.    There  remains  to  be 

gether  with  those  of  the  control  animal.  '^    -^  v-     ,-t 

The  control  (marked  ft  in  photograph)    shown  that  this  hfe-savmg  action 

received  the  same  dosage  of  horse  serum,     of  atropin  OCCUfS  in  a  gOOd  percen- 

but  no  atropin.    It  died  wiih  typical    tage  of  the  cases  where  this  drug 

respiratory  symptoms  Within  five  minutes     .  j  i  t         i  ■  t 

after  the  injection.  >s  used.  and  for  this  purpose  a  few 

tables  will  be  presented 

Atropin  Statistics. 

All  the  guinea  pigs  whose  records  will  form  one  table  belong  to  the 
same  lot  and  arc  practically  cf  the  same  age  and  weight.    This  holds 
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true  also  of  Table  I,  where  the  guinea  pigs  were  seasittzed  at  two 
different  times  and  with  different  amounts  of  serum.  The  course  of 
each  experiment  is  shown  by  the  two  protocok  quoted  on  preceding 
pages.  Atropin  was  always  used  in  the  form  of  a  sulphate  and  in  a 
I  per  cent  solution;  when  injected  subcutaneously,  it  was  given  in  the 


AxnULS  SENSITtZED  FOTOTBEN 


TABLE  I. 
:o  Sixteen  Days. 


AvEBAGE  Weioht,  400  Gm. 


No. 

Seudtized. 

DaUof 

Atropin. 

Toxic  dose. 

Result. 

ES 

9Ubc. 

16  days 

3  mg.  subc. 

0.6  cc.  heated 
H.S.  jug.  vein. 

Slight  symptoms. 
Recovery. 

E4 

"        " 

"      " 

None. 

"      "      " 

Death  in  5  mis. 

E6 
Ei02 

1  c.c.  10% 
H.S.  subc. 

14  days 

3nig.  subc. 
None. 

0.4  cc.  heated. 
H.S.  jug.  vein 

Recovery. 
Death  in  4  min. 

EI03 

"      " 

Death  in  6  min. 

E104 

■'      " 

"      ■' 

None. 

0.3  cc.  heated 
H.S.  jug.  vein. 

Death  in  9  min. 

E105 

..      .. 

<<      .< 

5  mg.  subc.  IJ^ 

mg.  jug.  vein. 

Nooe. 

<.      .<      « 

Death  in  75  min. 

E107 

u        ., 

u        .< 

<<      ..      <. 

Recovery. 
Slight  symptoms. 

E108 

"        ■■ 

"  " 

5  mg.  subc. 
1  mg.  jug. 

0.4  cc.  heated 
H.S.  jug.  vein 

EllO 

.<        .. 

"    " 

None. 

"      "      " 

Death  in  4  min. 

Eim 

"        " 

"  " 

4  mg.  Subc. 
3  mg.  jug. 

"      "      •' 

Good  chest  symp- 
toms. Recovery. 

5  controls 

pigs':  2  died 
;  4  died 

-  Death  33%  - 
=  Death  80%  = 

Recovery  66%, 
Recovery  20%. 

right  upper  abdominal  quadrant  and  eleven  to  fifteen  minutes  allowed 
to  elapse  before  the  injection  of  the  toxic  dose  of  serum.  All  intrave- 
nous injections  were  made  into  a  cannula  ligated  in  the  external  jugu- 
lar vein,  the  injection  of  atropin  or  serum  being  followed  by  i  c.c.  of 
sahne  or  Kinger  soluUoa  to  wash  out  the  cannula.  The  horse  serum 
employed  was  almost  always  heated  to  55°  for  thirty-five  minutes  to 
reduce  its  toxicity,  and  the  dose  was  about  the  miaimal  lethal  dose. 
The  slight  operation  required  for  this  work  was  done  imder  primary 
ether  anssthesia  as  a  rule,  and  about  five  minutes  were  allowed  to 
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TABLE   n. 
Twenty-one  to  Twenty-seven  Days.    Avebaoe  Weight,  300  Gii . 


No.. 

Seoaitiied. 

Date  of 

toi.  dose 

Atropin. 

Toiic  dose. 

Result. 

D131 

l,c,'c,H.S. 

subc. 

21  days 

0.5  C.C. 
heat«d  H.S 

Deatb  in  5  min. 

D132 

" 

1  mg.  aubc. 

iu 

8-v 

No  cheat  symptoms.    Recovery. 

D133 

D134 

»      .. 

1  mg.  subc. 

Death  in  4  min.  ' 

Dt35 

24  days 

Death  io  4  mio. 

DI36 

"      " 

3  mg.  subc. 

D138 

Moderate  symptoms .   Died  dur- 
ing night.. 

Recovery 

D137 

"      " 

3  mg.  Bubc. 

D139 

u        « 

Death  in  4  min. 

Dt40 

..   .. 

3  mg.  subc. 

next  day. 

DI41 

25  days 

D143 

"      " 

3  mg.  Bubc. 

No  symptoms  (resp.)  during  11 
min.   Killed  to  study  lungs. 

D142 

I.      « 

Died  in  4  min. 

D144 

,.   „ 

3  mg.  subc. 

after  U  min.    Killed  to  study 

lung. 

D14S 

"      " 

Deatb  in  5  min. 

D146 

26  days 

Death  in  4  min. 

D14S 

"      " 

3  mg.  Bubc. 

Death  in  22  min.    Very  uck, 
but  only  mod.  re^.  symptoms. 

D147 

"      " 

Death  in  6  min. 
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pjLss  after  stoppage  of  the  ethei  to  permit  full  recovery  from  the  effects 
of  the  anaesthetic.  Tiie  loss  of  heat,  which  occurs  swiftly  in  such  a 
small  animal  as  the  guinea  pig  when  it  is  stretched  out  at  full  length, 


No. 

Senatiz«d. 

Date  of 

toi-doBe. 

AtiopiD. 

Toxic  dose. 

Results. 

■•T.  IT,  lit* 

IWM.'U. 

Fll 

1  cc.  H.S. 

224  days 

0  J  cc.  10% 
h'dH.S.j.v. 

Death  JD  7  min- 

F13 

SUDC_ 

..      .. 

3  m-  subc. 
1  mg.  j.  V. 

Recoveiy. 

F14 

"      " 

3  mg.  subc 

"      " 

Modarate  icqiiratory  syiiq)toms. 

F12 

<        u 

"      " 

2nig.i_.v. 

"      " 

Death  in  3  miD. 

F16 

.   .. 

225  days 

1  mg.  J.  V. 

0.S  cc.  10% 
h'dH.S.j.  V. 

Death  in  6  min. 

F19 

3ing.j.v. 
i  mg.  ].  V. 

Slight  nap.  symptoms.    Recov- 
eiy. 

F2i 

3  ing.  subc. 

"      " 

Death  in  13  min. 

F17 

4^.i.v. 

Death  in  14  nun. 

F24 

"      ■' 

(4  doses.) 

"  •■ 

Moderate  itsp.  symptoms.   Re- 
covery. 

F2Z 

"      " 

2mg.j.v. 
1  mg.  J.  V. 

2mg.j.v. 

"      " 

Death  in  2  min. 

F23 

.  .. 

..      .. 

»      .. 

No  reap,  symploms.     Lively 
next  day. 

F36 

226  days 

,,      ., 

Death  in  3  min. 

F27 

"      " 

2mg.j.v. 

"      " 

Very  slight  symptoms.    Recov- 
ery.     Lively  neit  day. 

F30 

"      " 

"      " 

Death  in  4  min. 

..      » 

2mg.j.v. 

.<      .. 

Mod.  re^.  symptoms.     Recov- 

1 mg.  j.  V. 

ery. 

8  atropin  pigs  :  3  dead  -  Death  38%  -  Recovenes  62%. 

7  controU         :  5  dead  -  DeaUi  71%  -  Recoveries  29%. 

was  prevented  by  placing  the  animal  on  an  electric  heating  pad.  It 
will  be  noted  that  for  practically  every  atropin  experiment  there  is  a 
control  experiment. 

Whenever  "recovery"  is  noted  in  the  protocols  it  means  that  the 
animal  was  observed  at  least  two  days  after  the  experiment. 
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greatest.  This  time  naturally  will  vary  with  the  mode  of  administratioa 
of  the  alkaloid.  As  I  have  no  experience  of  my  own  with  the  prophylac- 
tic effect  of  atropin  when  given  intraperitoneally,  it  would  be  useless 
for  me  to  speculate  on  the  causes  for  the  meagre  yield  of  therapeutic 
results  in  the  hands  of  Anderson  and  Schultz. 

The  other  observers  who  used  atropin  were  Biedl  and  Kjaus.  They 
injected  the  drug  intravenously  in  guinea  pigs,  the  doses  varying  from 
I  to  10  mg.,  and  were  successful  in  abohshing  the  anaphylactic  immo- 
bility of  the  lung.  They  also  found  that  5  mg.  given  prophylactically 
prevented  the  appearance  of  lung  symptoms,  but  these  investigators 
apparently  have  not  tested  what  percentage  of  success  they  could 
obtain  in  the  attempt  to  save  sensitized  guinea  pigs  from  the  fatal 
effect  of  serum  when  injected  the  second  time. 

Mode  of  BdmiiiiBtrKtioii  of  Btropiii. —  In  earlier  work  atropin  was 
always  given  subcutaneously  some  ten  minutes  before  the  toxic 
dose  of  serum.  This  mode  of  incorporating  the  drug  has  the  draw- 
back that  there  is  no  defimte  knowledge  when  the  lung  is  most  under 
the  influence  of  the  alkaloid,  for  it  is  impossible  to  teli  in  the  ordinary 
experimental  test  when  the  ratio  between  absorption  of  the  alkaloid 
and  its  excretion  has  reached  that  point  where  the  blood  contains 
most  of  the  substance.  This  problem  is  still  further  complicated  by 
the  fact  tliat  the  "subcutaneous"  injections  are,  often  parUally  intra- 
dermal or  intramuscular,  combinations  which  vitally  affect  the  rate 
of  absorption.  Now,  since  the  rdle  of  atropin  and  toxic  dose  of  serum 
is  that  of  antagonists,  at  least  as  far  as  the  bronchial  muscles  are  con- 
cerned,'* it  is  obvious  that  the  most  favorable  time  for  injection  of  the 
toxic  dose  is  when  the  blood  contains  most  of  the  atropin.  For  this 
reason  I  have  lately  used  the  intravenous  route  for  the  injection  of  the 
prophylactic  dose  of  atropin.  As  a  rule  2  mg.  of  the  drug  in  a  i  per 
cent  solution  is  injected  into  the  external  jugular  vein  and  the  cannula 
washed  out  by  i  c.c.  of  Ringer  solution.  Now  after  the  lapse  of  ten  to 
fifteen  seconds  the  toxic  dose  of  horse  serum  is  injected  also  intra- 
venously. Done  in  this  fashion,  the  experimenter  is  certain  that  the 
maximum  amount  of  the  atropin  swiftly  comes  within  striking  dis- 

>o  I  have  demonstrated  recently  that  the  bronchial  muscles  themselves  are  sen- 
sitized (Proceedings  of  the  Society  for  Experimental  Biology  Etnd  Medicine,  1910, 
vii,  p.  104),  and  that  atropin  paralyzes  the  bronchial  muscles  and  not  only  the 
nerve  endings  (Journal  of  eiperimental  medicine,  1910,  xii,  No.  5). 
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statements  by  Lewis  "  and  by  Rosenau  and  Anderson.^  Lewis  found 
that  the  maximum  of  hypersensitiveness,  when  tested  by  the  subcuta- 
neous method  of  introducing  the  toxic  dose,  was  reached  in  about 
three  or  four  weeks.  Unfortunately  I  made  no  tests  between  the  six- 
teenth and  the  sixty-eighth  day,  and  it  is  very  well  possible  that  this 
maximum  occurs  well  ahead  of  the  latter  time.  Rosenau  and  Anderson 
tested  animals  after  intervals  of  more  than  seven  hundred  and  one 
thousand  days  and  found  the  animals  still  extremely  sensitive.  These 
authors,  however,  injected  about  6  c.c.  of  the  horse  serum  intraperi- 
toneally  for  the  toxic  dose  and  their  results  have  therefore  only  a  quali- 
tative value.  The  results  I  described  briefly  above  show  that  there  is 
practically  no  quantitative  fluctuation  in  the  amount  of  the  killing 
dose  of  horse  serum  for  at  least  twenty-three  weeks  after  the  maximum 
sensitization  level  has  been  reached. 

Action  of  ■.tropin  In  immediate  aiupbjUiis.  — This  phase  of  the 
problem  need  not  be  considered  here  in  connection  with  the  present 
study,  for  it  has  been  reported  in  another  place.*'  It  will  be  sufficient 
to  state  that  proof  has  been  advanced  that  in  anaphylaxis  the  bronchial 
muscles  themselves  are  sensitized  by  horse  senmi  and  that  atropin  in 
proper  dosage  is  able  to  paralyze  the  denervated  bronchial  muscula- 
ture. I  was  unable  to  find  any  evidence  for  any  rdle  which  the  vagus 
broncho-motor  endings  might  play  in  immediate  anaphylaxis. 


Sduuary. 

A  prophylactic  injection  of  atropin  sulphate  In  guinea  pigs  sensi- 
tized by  the  subcutaneous  injection  of  horse  serum  saved  eighteen  out 
of  twenty-five  from  the  lethal  effect  of  the  toxic  injection;  while  out 
of  twenty-four  adequate  controls  only  six  survived.  Stated  other- 
wise: The  death-rate  with  atropin  was  28  per  cent;  without  atropin 
it  was  75  per  cent.  These  figures  show  the  distinct  therapeutic  utility 
of  atropin  in  immediate  anaphylaxis. 

"  Lewis:  Journal  of  experimental  medicine,  190S,  z,  p.  6. 

"  RosENAt;  and  Anderson:  Hygienic  laboratory  bulletin,  No.  45,  1908,  p.  57, 
and  No.  50, 1909,  p.  47- 

"  Aiteb:  Proceedings  of  the  Sodely  for  Experimental  Biology  and  Medidnc, 
1910,  vii,  p.  104;  Aueb:  second  communication,  Journal  of  experimental  medi* 
cine,  1910,  xii.  No.  5. 
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Guinea  pigs  sensitized  by  the  subcutaneous  injection  of  one  or  two 
cubic  centimetres  of  horse  serum,  reach  their  maximum  sensitiveness 
on  or  before  the  ninth  week,  and  this  sensitiveness,  tested  by  intrave- 
nous injection  of  the  toxic  dose,  is  then  practically  quantitatively  main- 
tained for  at  least  twenty-three  weeks  (the  longest  interval  tested). 
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THE  PREPARATION  AND  PROPERTIES  OF  THROMBIN. 
TOGETHER  WITH  OBSERVATIONS  ON  ANTITHROMBIN 
AND  PROTHROMBIN. 

By  W.  H.  HOWELL. 
[Prom  Ikt  PhyiMcgiet^  Laboratory  n/lht  Johns  Hopkint  UniiitrtUj.\ 

r\  a  paper  from  tJiis  laboratory  by  Rettger '  some  facts  were  given 
which  throw  doubt  upon  the  usual  view  that  thrombin  is  an  en- 
zyme or  ferment.  According  to  these  experiments  thrombin  in  solu- 
tion b  not  easily  destroyed  by  boiling,  and  in  its  reaction  with  fibrin- 
ogen it  does  not  appear  to  act  as  a  catalytic  or  pseudo-catalytic  agent. 
In  order  to  carry  these  experiments  farther  it  seemed  necessary  to 
devise  a  more  satisfactory  method  of  preparing  thrombin,  and  the 
present  paper  constitutes  a  preliminary  report  upon  a  new  method 
of  isolating  this  substance.  As  is  well  known,  the  two  methods  usually 
employed  in  physiology  to  prepare  thrombin  are,  the  method  of  Schmidt, 
according  to  which  serum  is  precipitated  by  excess  of  alcohol  and  the 
precipitate  after  standing  some  time  under  alcohol  is  dried  and  ex- 
tracted with  water;  and  the  method  of  Buchanan  as  modified  by  Gam- 
gee  '  and  afterward  by  Lea  and  Green,*  which  consbts  in  extracting 
washed  fibrin  with  8  per  cent  solution  of  sodium  chloride.  Both  of 
these  methods,  but  espedaJly  the  latter,  give  solutions  which  show  a 
strong  thrombin  action.  The  solutions  obtained  by  these  methods 
contain  much  protein  in  addition  to  the  thrombin.  The  solution 
obtained  by  Schmidt's  method  contains  protein  which  in  the 
extract  as  prepared  does  not  coagulate  upon  boiling.  If,  however, 
neutral  salts  are  added  to  the  solution  in  sHght  concentration,  particu- 
larly ammonia  salts  or  salts  of  the  alkaline  earths,  a  heavy  precipitate 
is  produced  on  heating  the  solution.    If  the  method  of  extracting  the 

■  Rettgee:  Hiis  journal,  i9og,  zxiv,  p.  406. 

'  Gajigee:  Journal  of  phynology,  1879.  ii,  p.  145- 

*  Lea  and  Greeni  Ibid.,  18S4,  iv.  p.  38a 
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washed  fibrin  with  strong  saline  is  used,  the  solution  contains  much 
protein.  When  fresh  hbrin  from  the  dog  is  used,  and,  after  thorough 
washing  in  water,  is  digested  for  twenty-four  hours  with  8  per  cent 
solution  of  sodium  chloride  at  40°  C,  it  is  nearly  all  dissolved,  and  the 
filtered  solution  gives  a  very  abundant  precipitate  on  heating  to  57° 
to  60°  C,  and  usually  a  second  much  smaller  precipitate  when  heated 
further  to  •j6°-So''  C.  The  presence  of  these  large  amounts  of  pro- 
tein in  solution  makes  it  difficult  or  impossible  to  study  satis- 
factorily the  properties  of  the  thrombin  itself.  An  effort  was  made 
accordingly  to  remove  the  protein  without  precipitating  the  thrombin. 
A  method  was  finally  devised  which  effected  this  result,  as  follows: 


Method  of  Preparing  Pure  Thrombin. 

A  large  quantity  of  fibrin  obtained  by  whipping  pig's  blood  is  thor- 
oughly washed  in  miming  water  imtil  it  is  entirely  freed  from  ha?mo- 
globin.  The  process  is  tedious,  taking  several  hours,  as  the  fibrin 
must  be  continually  kneaded  in  the  running  water,  and  the  larger 
masses  must  be  shredded  by  hand  to  remove  the  enclosed  hemoglobin. 
The  white  mass  finally  obtained  is  minced  finely  and  thoroughly 
squeezed  in  cheese  cloth,  and  is  then  placed  in  a  vessel  and  covered 
with  an  S  per  cent  solution  of  sodium  chloride.  This  preparation  is 
kept  in  the  ice  chest  for  forty-eight  to  seventy-two  hours  and  is  then 
filtered,  first  through  cheese  cloth  and  then  through  filter  paper.  The 
somewhat  viscid  solution  thus  obtained  has  a  powerful  thrombin 
action.  To  remove  the  coagulable  protein  contained  in  it  it  was  shaken 
repeatedly  with  chloroform,  adding  each  time  about  one  half  its  vol- 
ume of  chloroform,  shaking  vigorously  in  the  hand  or  a  shaking  ma- 
chine and  then  filtering  through  filter  paper.  At  first  a  heavy  precipi- 
tate is  produced  and  the  liquid  above  the  chlorofonn  is  turbid  and 
gives  a  turbid  filtrate.  But  as  the  process  is  repeated  again  and  again, 
the  filtrate  becomes  clearer  and  comes  through  more  rapidly.  Each 
time  that  this  filtrate  is  shaken  with  new  chloroform,  the  latter  quickly 
forms  an  emulsion  which  on  standing  sinks  to  the  bottom.  When  the 
filtrate  is  entirely  clear,  or  shows  only  a  slight  opalescence  when  seen 
in  bulk,  it  continues  to  form  an  emulsion  when  shaken  with  the  chloro- 
form, and  the  process  must  be  continued  until  after  prolonged  shaking 
with  fresh  chloroform  the  latter  on  standing  forms  a  clear  layer  without 


Digitized  byGoOgIC 


The  Preparation  and  Properties  of  Thrombin.     455 

evidence  of  an  emul^on.  The  water-clear  filtrate  is  then  examined 
by  heating  a  spedmen  to  boiling  in  a  test  tube.  If  a  turbidity  appears, 
the  process  of  shaking  with  chloroform  must  be  continued  one  or  more 
times  until  a  specimen  on  heating  gives  no  opalescence  whatever,  even 
after  the  addition  of  some  crystals  of  ammonium  sulphate.  The  clear 
liquid  thus  obtained  free  from  all  protein  coaguiable  by  heat  is  still 
rich  in  thrombin.  A  few  drops  added  to  a  solution  of  pure  fibrinogen 
will  cause  a  firm  clot  within  one  or  two  minutes,  the  liquid  usually 
becoming  first  markedly  opalescent  and  then  setting  to  a  firm  jelly. 
The  process  of  purifying  the  thrombin  is  time-consimiing,  requiring  a 
number  of  days,  and  is  attended  by  a  considerable  loss  of  liquid.  At 
each  filtration  the  emulsion  of  chloroform  holds  back  on  the  filter  some 
of  the  solution.  The  chloroform  itself,  towards  the  end  at  least,  when 
the  protein  is  small  in  amount,  can  be  preserved  and  redistilled.  If 
the  process  is  carried  out  as  rapidly  as  possible,  the  solution  finally 
obtained  contains,  as  stated  above,  much  thrombin  and  none  of  the 
protein  originally  present  which  is  coaguiable  by  heat  in  the  presence 
of  neutral  salts.  This  solution,  if  allowed  to  stand  saturated  with 
chiorofonn,  will,  in  the  course  of  weeks,  lose  its  coagulating  effect  on 
fibrinogen  solutions.  To  keep  the  thrombin  permanently  it  must  be 
evaporated  to  dryness  as  rapidly  as  possible  at  a  low  temperature, 
35°  to  40°  C.  My  method  of  doing  this  has  been  to  place  5  to  10  c.c. 
of  the  solution  in  watch  crystals  and  allow  the  evaporation  to  occur 
during  ten  or  twelve  hours  in  a  warm  chamber  kept  at  35°  to  40°  C. 
The  white  residue  obt^ed  b  mixed  with  crystals  of  sodiimi  chloride, 
and  is  quickly  and  completely  dissolved  on  the  addition  of  water.  If 
larger  amounts  are  evaporated  and  the  time  of  evaporation  is  thereby 
much  prolonged,  the  residue  may  be  slightly  or  deeply  colored  in 
yellow  and  on  addition  of  water  a  portion  of  it  is  found  to  be  insoluble. 
Corresponding  to  this  change  its  coagulating  effect  upon  solutions  of 
fibrinogen  is  diminished  or  destroyed  altogether,  so  that  evidently 
prolonged  exposure  to  40"  C.  in  solution  brings  about  a  slow  decompo- 
sition of  the  thrombin,  converting  it  to  a  substance  insoluble  in  water. 
When  evaporated  in  small  quantities  in  watch  crystals  as  described 
above,  the  preparations  of  thrombin  are  apparently  entirely  stable. 
Months  afterward  the  residue  dissolved  in  water  shows  a  prompt  and 
powerful  action  upon  solutions  of  fibrinogen.  So  far  as  my  experience 
goes,  such  specimens  of  thrombin  may  be  kept  indefinitely.    To  ob- 
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tain  the  thrombin  free  from  the  sodium  chloride,  the  solution,  before 
being  evaporated,  may  be  dialyzed  through  collodion  tubes.  As  is 
well  known,  crystalloids  pass  through  a  collodion  membrane  very  rap- 
idly, so  that  after  a  dialysis  of  five  or  six  hours  against  a  large  amount 
of  distilled  water,  renewed  once  or  twice,  the  thrombin  solution  is 
freed  from  the  sodium  chloride,  and  may  then  be  evaporated  to  dryness 
in  watch  crystals  at  a  low  temperature  as  described.  I  have  been  suc- 
cessful in  obtaining  a  number  of  specimens  of  thrombin  in  this  way 
free  from  sodium  chloride.  The  residue  is  slight  in  amount,  has  a 
crystalline  structure  imder  the  microscope,  is  readily  and  quickly  dis- 
solved in  water,  and  has  a  powerful  coagulating  effect  upon  fibrinogen. 
Whether  or  not  the  crystalline  structure  shown  by  these  preparations 
is  due  to  the  thrombin  or  to  the  presence  of  minute  amounts  of  inor- 
ganic salts  was  difficult  to  determine.  The  crystals  had  a  snowflake 
appearance,  and  as  far  as  could  be  determined  they  were  not  entirely 
destroyed  by  heating  the  preparations  to  the  point  of  carbonization. 
It  seems  most  probable  that  the  crystals  seen  in  the  preparations  con- 
sisted of  minute  amounts  of  salts  of  some  sort  not  dialyzed  off,  and 
that  these  overlay  a  granular  material  also  evident  which  was  the 
thrombin.  In  preparing  my  specimens  of  thrombin  I  subsequently 
gave  up  the  process  of  dialyzing  for  two  reasons.  In  the  fiirst  place, 
it  happens  in  some  cases  that  much  of  the  thrombin  disappears  during 
the  dialysis,  presumably  because  it  is  able  to  diffuse  slowly  through  the 
collodion  membrane.  While  it  is  possible  to  choose  such  a  time  for 
dialysis  as  will  remove  the  sodium  chloride  and  still  leave  much  throm- 
bin, there  is  always  the  possibility  that  the  dialysis  may  be  prolonged 
so  far  as  to  lose  most  of  the  thrombin.  In  the  second  place,  the  solu- 
tions of  thrombin  obtained  free  from  sodium  chloride  by  dialysis  are 
somewhat  more  unstable  than  the  saline  solutions  when  exposed  to 
heat,  and  are  therefore  more  liable  to  be  decomposed  during  the  pro- 
cess of  evaporation.  As  the  presence  of  the  sodium  chloride  does  not 
interfere  with  the  study  of  the  properties  and  reactions  of  the  thrombin 
and  seems  to  confer  a  greater  stability  upon  its  solutions,  it  was  found 
preferable  in  the  later  preparations  to  evaporate  the  solutions  of  throm- 
bin to  dryness  without  previous  dialysis. 
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Reactions  of  the  Thrombin. 

Solutions  of  the  thrombin  before  and  after  dialysis  were  tested  re- 
peatedly by  the  usual  protein  reactions  and  in  all  cases  with  positive 
results.    The  following  reactions  were  noted: 

1.  A  solution  of  thrombin  remains  entirely  clear  upon  boiling  even 
in  the  presence  of  salts,  including  ammonium  sulphate  (2  to  5  per  cent). 
The  thrombin  is  therefore  not  coagulated  by  heat  in  neutral  solutions. 

2.  It  is  imperfectly  precipitated  by  a  large  excess  of  alcohol. 

3.  It  is  precipitated  by  half  saturation  with  ammonium  sulphate, 
and  the  precipitate  even  after  standing  for  several  days  is  readily 
soluble  in  water  and  shows  its  usual  action  in  coagulating  a  solution 
of  fibrinogen. 

4.  It  gives  a  positive  biuret  reaction. 

5.  It  gives  a  very  distinct  tryptophan  reaction  by  the  method  of 
Adamkiewicz,  using  a  freshly  prepared  mixture  of  sulphuric  and  acetic 
acids. 

6.  It  gives  a  podtive  xanthoproteic  reaction. 

7.  It  gives  a  positive  reaction  with  Millon's  reagent. 

8.  The  reaction  for  sulphur  is  negative  or  very  feeble. 

9.  The  reaction  with  Molisch's  reagent  is  negative. 

10.  The  reaction  for  phosphorxis  is  negative, 

11.  With  acetic  add  and  potassium  ferrocyanide  it  gives  a  faint 
precipitate;  with  potassium  ferrocyanide  alone  in  neutral  reaction  no 
precipitate  or  turbidity;  hence  probably  it  is  not  a  basic  protein. 

12.  Careful  addition  of  dilute  ammonia  in  the  presence  of  ammonia 
salts  gives  no  precipitate ;  hence  it  is  not  a  protein  of  the  histone  group. 

1.5.  Nitric  acid  in  excess  gives  a  (aint  turbidity  which  clears  on 
heating  and  reappears  on  cooling.  According  to  these  reactions  the 
thrombin  must  be  classed  as  a  simple  protein  which  does  not  however 
fall  into  any  of  the  groups  usually  described. 

14.  While  the  solutions  of  thrombin  prepared  as  described  do  not 
give  an  opalescence  or  precipitate  when  boiled  in  the  presence  of  neu- 
tral salts,  it  was  found  that  if  given  an  acid  reaction  with  acetic  acid 
boiling  causes  a  turbidity  or  precipitate  unless  the  solution  is  very 
dilute.  In  the  latter  case  the  solution  while  clear  whrti  heated  be- 
came turbid  on  cooling,  the  turbidity  disappearing  upon  heating  and 
returning  upon  cooling.    This  reaction  naturally  gave  rise  to  the  sus- 
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picion  that  my  solutions  still  contained  some  trace  of  the  usual  blood 
proteins.  Accordingly,  I  again  submitted  it  to  repeated  shaking  with 
chloroform,  testing  each  filtrate  by  boiling  a  specimen  after  addifying 
with  acetic  add.  While  shaking  with  the  chloroform  no  longer  gave 
any  appearance  of  an  emulsion,  it  was  noticed  that  after  each  treat- 
ment there  was  a  slight  membranous  layer  upon  the  surface  of  the 
chloroform.  By  continuing  this  treatment  a  filtrate  was  finally  ob- 
tained which  on  boiling  after  addifying  with  acetic  add  gave  no  tur- 
bidity upon  cooling.  Upon  testing  this  filtrate  upon  solutions  of 
fibrinogen,  it  was  found  that  the  thrombin  had  entirely  disappeared, 
although  the  original  solution  had  shown  a  very  strong  thrombin 
action.  When  tested  for  protein  by  means  of  the  biuret,  Millon, 
and  tryptophan  reactions,  the  solution  gave  evidence  of  the  presence 
of  very  minute  amounts  of  protein,  scarcely  detectible.  The  conclu- 
sion to  be  drawn  from  this  result  is  that  the  protdn  which  gave  the 
reaction  with  acetic  acid  was  not  an  impurity  but  the  thrombin  itself, 
and  that  among  its  distinctive  reactions  we  must  include  this  one, 
namely,  that  while  incoagulable  on  heating  in  neutral  solutions  it 
gives  in  dilute  solutions,  after  acidifying  with  acetic  add  and  boiling,  a 
solution  which  remains  clear  when  hot  and  becomes  turbid  on  cooling. 
15.  As  stated  above,  thrombin  solutions  when  saturated  with  chlo- 
roform v.ery  gradually  lose  their  activity  after  a  period  of  weeks  or 
months,  depending  on  the  temperature.  Aqueous  solutions  without 
chloroform  or  other  antiseptic,  such  as  toluol,  soon  undergo  putre- 
faction, and  it  is  noteworthy,  as  pointed  out  by  Rettger,  that  this 
process  at  first  serves  to  increase  the  activity  of  the  thrombin  in  its 
coagulating  effect  on  pure  fibrinogen.  Spedmens  of  washed  fibrin 
suspended  in  water  show  a  marked  thrombin  action  after  putrefac- 
tion is  well  advanced,  and  this  action  is  maintained  for  a  long  period 
but  eventually  disappears.  It  is  more  striking,  perhaps,  that  sped- 
mens of  pure  thrombin  in  aqueous  solution  on  undergoing  putrefaction, 
show  an  increased  efficiency  as  judged  by  the  rapidity  with  which  they 
coag  ilate  fibrinogen  solutions,  although  eventually,  if  allowed  to  stand. 
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rnine  this   point  have  not   yet   been  brought    to  a  satisfactory 
termination. 

16.  Effect  of  tempermtnn  on  the  thrombin. —  As  stated  above,  aque- 
ous solutions  of  thrombin  protected  from  putrefaction  slowly  lose 
their  efficiency,  and  this  gradual  alteration  in  the  thrombin  is  accel- 
erated by  a  high  temperature.  Rettger  has  shown  that  aqueous  solu- 
tions of  thrombin  prepared  by  Schmidt's  method  are  weakened  but 
not  totally  destroyed  by  short  exposures  to  the  temperature  of  boiling. 
I  have  repeated  these  experiments  upon  my  specimens  of  .pure  throm- 
bin and  find  that  those  specimens  which  contain  some  sodium  chloride 
may  be  boiled  for  a  few  minutes  without  destroying  their  activity, 
although  the  activity  is  diminished,  as  shown  by  the  longer  time  re- 
quired to  coagulate  a  given  specimen  of  fibrinogen.  On  the  contrary, 
solutions  of  thrombin  which  have  been  dialyzed  previously  to  remove 
the  sodium  chloride  may  lose  their  coagulating  effect  on  fibrinogen 
completely  after  boiling  for  a  minute  or  two.  This  fact  coincides  with 
the  result  previously  mentioned,  that  dialyzed  solutions  of  thrombin 
are  more  liable  to  alteration  than  the  imdialyzed  solutions  in  slow  evap- 
oration at  a  temperature  of  3s°-4o°  C.  The  presence  of  the  sodium 
chloride  makes  the  thrombin  more  resistant  to  the  effects  of  high  tem- 
perature. Such  experiments  as  the  following  seem  to  demonstrate 
this  point:  Three  specimens  of  a  dialyzed  solution  of  thrombin  were 
taken,  z  c.c.  each;  one  was  diluted  with  an  equal  amount  of  water, 
one  with  an  equal  amount  of  a  3  per  cent  solution  of  sodium  chloride, 
and  one  with  an  equal  amomit  of  an  8  per  cent  solution  of  sodium 
chloride.  Each  specimen  was  brought  to  a  boihng  temperature  for  a 
minute,  and  then  13  drops  of  each  were  added  to  4  c.c.  of  a  fibrinogen 
solution.  The  specimens  were  left  over  night.  Those  with  sodium 
chloride,  i  and  4  per  cent,  gave  excellent  firm  clots;  the  one  without 
sodium  chloride  gave  only  an  extremely  feeble  coagulum.  The  short 
exposure  to  boiUng  had  almost  but  not  completely  destroyed  the  throm- 
bin contained  in  it. 


The  Quantitative  Relationship  of  Thrombin  to  Fibrinogen. 

The  most  important  factor  for  conaderation  in  discussing  the  ques- 
tion of  whether  or  not  thrombin  acts  as  an  enzyme  or  catalytic  agent 
is  the  quantitative  relationship  between  the  thrombin  and  the  fibrin- 
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ogen  converted  to  fibrin.  According  to  the  usual  belief  thrombin  acts 
as  an  enzyme,  and  Schmidt  has  given  some  experiments  intended  to 
show  that  the  thrombin  is  not  used  up  in  the  action  which  it  causes, 
but  may  be  active  over  and  over  again  after  the  manner  of  a  catalytic 
reagent.  An  examination  of  Schmidt's  experiments  wilt  show,  as  I 
have  pointed  out  elsewhere,*  that  they  are  open  to  the  obvious  objec- 
tion that  he  began  his  experiments  with  a  large  excess  of  thrombin. 
To  lo  c.c.  of  a  "salt-plasma  solution"  he  added  80  c.c.  of  a  thrombin 
solution.  T^e  seven  successive  coagulations  which  he  obtained  by 
using  the  serum  of  each  clot  to  coagulate  a  new  specimen  of  salt  plasma 
may  have  been  due  therefore  to  the  excessive  amount  of  thrombin 
with  which  he  started  rather  than  to  the  fact  that  the  same  thrombin 
acted  upon  seven  successive  lots  of  plasma.  His  seventh  coagulation 
required  four  hours,  while  his  first  occurred  within  two  minutes.  Rett- 
ger,*  on  the  contrary,  describes  an  experiment  in  which  the  amount  of 
fibrin  obtained  from  equal  volumes  of  a  solution  of  fibrinogen  was 
found  to  vary  in  proportion  to  the  amount  of  thrombin  added,  when 
the  amount  of  this  latter  substance  was  kept  below  the  quantity  nec- 
essary to  coagulate  the  whole  of  the  fibrinogen.  A  result  of  this  kind 
indicates  a  definite  quantitative  relation  between  the  amount  of  throm- 
bin and  the  amount  of  fibrin  formed  such  as  would  not  be  expected  if 
the  thrombin  plays  the  part  of  an  enzyme.  In  the  present  investiga- 
tion the  opportunity  seemed  to  be  offered  to  test  this  point  with  more 
care,  making  use  of  known  amounts  of  fibrinogen  and  thrombin.  The 
object  of  the  experinients  was  twofold,  —  in  the  first  place  to  deter- 
mine whether,  when  submaximal  amounts  of  thrombin  are  used,  the 
amount  of  fibrin  formed  varies  with  the  amount  of  thrombin  added, 
and,  in  the  second  place,  making  use  of  small  amounts  of  thrombin, 
to  see  if  the  amount  of  fibrin  formed  varies  with  the  time  during  which 
the  thrombin  acts.  The  experiments  proved  to  be  time-consuming, 
and  only  four  were  completed.  One  of  these  was  useless  owing  to 
the  fact  that  too  much  thrombin  was  used.  Two  of  the  experiments 
were  successful  and  gave  results  which,  while  positive  as  regards  the 
questions  stated  above,  brought  to  light  a  new  and  interesting  diffi- 
culty. The  details  of  these  experiments  are  as  follows: 
Preparation  of  the  thrombin.  —  The  thrombin  used  had  been  pre- 

*  Howell:  The coagulatioD  of  blood,  Cleveland  medical  journal,  January  and 
February,  igio. 

'  Rettgek;  Loc.  cil. 
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pared  by  the  chloroform  method  described  above.  The  solution  had 
been  evaporated  to  dryness  in  watch  crystals  without  previous  dial- 
ysis. The  dry  preparations  contained,  therefore,  a  quantity  of  sodium 
chloride.  To  estimate  the  amount  of  thrombin  the  following  method 
was  used;  The  contents  of  each  crystal  were  dissolved  in  10  c.c.  of 
water,  giving  a  solution  that  contained  approzimately  2  per  cent  of 
sodium  chloride;  5  c.c.  of  this  solution  were  evapwrated  to  dryness  on 
the  water  bath  in  a  weighed  platinum  crudblc,  and  the  crucible  with 
its  residue  was  then  heated  to  105°  C.  in  an  electric  oven  imtil  the 
weight  was  constant.  The  weight  of  the  total  residue,  sodiimi  chlo- 
ride and  thrombin,  was  thus  obtained.  The  crucible  was  then  heated 
over  a  small  flame  until  the  organic  material  was  incinerated  and  was 
again  weighed.  The  difference  between  the  two  last  weighings  gave 
the  wdght  of  the  thromlHn  in  5  c.c.  of  the  solution  used.  This  method 
did  not  allow  for  the  weight  of  any  ash  that  the  thrombin  itself  gives, 
but  the  total  amount  of  thrombin  used  in  the  experiments,  namely, 
from  0.05  to  0.64  mgm.,  was  so  small  that  this  error  is  negligible.  In 
the  first  two  e^qieriments  each  cubic  centimetre  of  the  solution  con- 
tained 3.2  mgm.  of  thrombin,  in  the  third  each  cubic  centimetre  con- 
tained 3.5  mgm.  of  thrombin.  For  the  coE^ulation  experiments  with 
fibrinogen  i  c.c.  of  these  solutions  was  diluted  to  10  c.c.  with  water, 
and  from  2  c.c.  to  0.3  c.c.  of  this  diluted  solution  was  used,  containing 
from  0.64  to  0.05  mgm.  of  thrombin. 

Preparation  of  the  fibrinogen.  —  The  fibrinogen  used  was  prepared 
in  all  cases  from  clear  plasma  obtained  from  cats  which  had  fasted 
for  twenty-four  hours.  The  method  used  was  a  modification  of  that 
given  by  Hammarsten  and  has  been  described  in  previous  papers 
from  this  laboratory.  The  plasma  obtained  by  centrifugalizing  the 
oxalated  cat's  blood  was  precipitated  by  the  addition  of  an  equal  vol- 
ume of  saturated  solution  of  sodium  chloride.  This  mixture  was  cen- 
trifugalized  and  the  supernatant  Uquid  poured  off  from  the  precipi- 
tate. It  b  an  advantage  to  centrifugalize  the  mixture  as  soon  as  it  is 
made,  otherwise  the  fibrinogen  collects  in  large  flocculi  which  may 
rise  to  the  top  of  the  tube  during  centrifugalization  and  give  difficulty 
in  decanting.  The  precipitate  of  fibrinogen  in  each  tube  was  washed 
with  a  half-saturated  solution  of  sodium  chloride  and  then  dissolved 
in  a  3  per  cent  solution  of  sodium  chloride,  filtered  and  again  precipi- 
tated by  addition  of  an  equal  volume  of  saturated  solution  of  sodium 
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chloride.  This  precipitate  was  centrifugalized,  washed,  dissolved  in 
2  per  cent  solution  of  sodium  chloride,  filtered  and  again  precipitated 
by  half  saturation  with  sodium  chloride.  After  the  third  precipitation 
the  washed  precipitate  was  finally  dissolved  in  a  0.9  per  cent  solution 
of  sodium  chloride.  Sometimes,  in  fact  as  a  rule,  the  third  precipitate 
failed  to  dissolve  in  the  dilute  sodium  chloride,  but  in  such  cases  the 
addition  of  a  drop  of  a  5  per  cent  solution  of  sodium  carbonate  was 
sufficient  to  carry  the  fibrinogen  into  solution.  This  final  solution  was 
filtered  and  was  then  dialyzed  in  collodium  tubes  for  about  twelve 
hours  against  a  large  volume  of  a  0.9  per  cent  solution  of  sodium  chlo- 
ride, the  outside  solution  being  changed  once.  Solutions  of  fibrinogen 
made  in  this  way  do  not,  as  a  rule,  undergo  spontaneous  coagulation, 
no  matter  how  long  they  are  kept,  although  after  a  certain  time  they 
may  precipitate.  Rettger  found  it  advisable  before  dialyzing  the 
final  soluUon  to  treat  it  with  dilute  sodium  phosphate  and  barium 
chloride  on  the  view  that  the  delicate  precipitate  of  barium  phosphate 
in  settling  out  will  carry  down  any  remnant  of  thrombin  or  prothrom- 
bin present  in  the  solurion.  If  care  is  exercised  in  the  preparations, 
this  additional  procedure  does  not  seem  to  be  necessary. 

In  the  experiments  made  with  these  preparations  a  known  amount  of 
thrombin  was  added  to  given  volumes  of  the  fibrinogen  solution,  and, 
after  standing  for  definite  times,  the  clot  of  fibrin  formed  was  twisted 
out  upon  a  glass  rod,  placed  on  a  weighed  filter  paper,  washed  suc- 
cessively with  solutions  of  sodium  chloride  0.9  per  cent,  cold  water, 
and  hot  water  until  the  washings  were  free  from  chlorides.  The  fibrin 
was  washed  finally  with  alcohol  and  ether,  dried  and  then  heated  in 
an  electric  oven  at  los**  C,  to  constant  weight. 

Experiment  I.  Plasma  from  3  cats,  fibrinogen  prepared  and  after  dialysis 
two  specimens  of  35  c.c.  each  taken  for  coagulation.  To  one  was  added 
3  C.C.  of  the  dilute  thrombin  solution  (0.64  mgm.  thrombin),  to  the  other 
0.5  c.c.  (0,16  mgm.  thrombin).  The  mixtures  were  allowed  to  stand 
for  twenty-four  hours.  Solid  clots  were  formed,  that  with  the  more 
thrombin  (I)  looking  much  more  dense.  Clots  twisted  out  with  a  glass 
rod,  placed  on  weighed  filters  and  washed  and  heated  as  described  above. 


Digitized  byGoOgIC 


The  Preparation  and  Properties  of  Thrombin.     463 

II.    35  c,c,  fibrinogen  +  0.16       mgm.  thrombin 

Weight  of  tube  +  filter  =  13.0130 

Weight  of  tube  +  filter  +  fibrin  =  13.0470 

W^ght  of  fibrin  =     -0340 

That  is  to  say,  0.16  mgm.  of  thrombin  gave   34  mgm.  of  fibrin, 
while  0.64  mgm.  of  thrombin  gave  43.5  mgm.  of  fibrin. 

Experiment  II.  Plasma  from  two  cats,  somewhat  milky  from  fat.  Fibrin- 
ogen prepared  and  after  dialy^  two  specimens  of  25  c.c.  each  taken. 
To  each  of  these  there  was  added  0.5  c.c.  of  the  dilute  thrombin  solution 
(0.16  mgm.  thrombin).  One  specimen  was  allowed  to  stand  twenty-four 
hours,  the  other  forty-eight  hours. 
I.  35  c.c.  fibrinogen  solution  H-  0.16  mgm.  thrombin,  twenty-four  hours. 
Weight  of  tube  -f  filter  =   13.4878 

Weight  of  tube -f- filter -f- fibrin  =   13.5045 
Weight  of  fibrin  =      .0167 

U.  35  c.c.  fibrinogen  solution  +  0.16  mgm>  thrombin,  forty-eight  hours. 
Weight  of  tube  -|-  filter  =  16.0443 

Weight  of  tube  +  filter  +  fibrin  =  16.0612 
Weight  of  fibrin  =       .0170 

The  difference  between  the  two  yields  of  fibrin  was  only  0.3  mgm. 
It  would  seem,  however,  that  in  this  experiment  the  fibrinogen  solu- 
tion was  much  more  dilute  than  in  the  first  experiment,  and  probably 
the  amount  of  thrombin  added  was  too  lai^e,  that  is  to  say,  too  near 
the  amoimt  necessary  to  give  a  maximal  formation  of  fibrin.  The  ex- 
periment is  of  value,  not  so  much  in  determining  the  influence  of  time 
upon  the  amount  of  fibrin  formed  with  sub-maximal  doses  of  thrombin 
as  in  giving  an  indication  of  the  degree  of  accuracy  in  the  method  used 
for  determining  the  fibrin. 

Experiment  III.  Plasma  from  four  cats,  obtained  loo  c.c.  of  dear  plasma, 
fibrinogen  prepared  as  usual.  After  dialysis  took  3  specimens  of  50 
c,c  each.  Added  to  one  0,2  c.c.  of  diluted  thrombin  (0.05  mgm.)  and 
kept  twenty-four  hours;  to  another  the  same  amount  of  thrombin  and 
kept  seventy  hours;  and  to  the  third  i  c.c.  of  diluted  thrombin  solution 
(o.  35  mgm.)  and  kept  twenty-four  hours.  The  last  specimen  was  dotted 
in  two  hours,  while  the  first  two  began  to  show  the  initial  <^escence 
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at  the  [ouTth  IuJut.  At  the  end  of  twenty-four  hours  all  had  reached 
a  final  stage,  and  it  was  evident  to  the  eye  that  the  dot  in  the  third 
specimen  was  much  heavier  than  in  the  other  two. 

I.  50  c.c.  fibrinogen  solution  +  0.05  mgm.  thrombin,  stood  twenty-four 

hours. 

Weight  of  tube  +  filter  =   ia.0631 

Weight  of  tube  +  filter  +  fibrin  =  12.0744 

Weight  of  fibrin  =      ,0113 

II.  50.  c.c.  fibrinogen  solution  +  0.05  mgm.  thrombin,  stood  seventy  hours. 

Weight  of  tube  +  filter  -  15.9820 

Weight  of  tube  +  filter  +  fibrin  =  15.9922 

Weight  of  fibrin  »     .0102 

III.  50  C.C.  fibrinogen  solution  +  0.25  mgm.  of  thrombin,  stood  twenty-four 

hours. 

Weight  of  tube  -|-  filter                 =  15.5S93 

Weight  of  tube  +  filter  +  fibrin  —  15.6260 

Weight  of  fibrin           =  .0368 

So  far  as  this  experiment  goes,  therefore,  it  would  appear  that  the 
larger  the  amount  of  thrombin  added  the  greater  is  the  amount  of  fibrin 
formed,  provided  the  amount  of  thrombin  is  kept  below  that  neces- 
sary to  convert  all  of  the  fibrinogen  to  fibrin  —  moreover,  with  a 
minimal  amount  of  thrombin  the  amount  of  fibrin  formed  is  not  in- 
creased by  longer  standing.  Both  of  these  facts  are  opposed  to  the 
theory  that  the  thrombin  acts  after  the  manner  of  an  enzyme.  If  the 
data  from  the  first  and  the  third  experiment  are  compared,  they  give 
us  the  following  series: 

0.05  mgm.  thrombin  yields  to.75  mgm.  fibrin,  or  i  to  215 
0.16      "  "  "     34.00      "        "      or  I  to  212.5 

0.25      "  "  "     36.80      "        "      or  t  to  147 

0.64      "  "  "     42.50      "        "      or  I  to  66 

According  to  these  results  the  amount  of  fibrin  formed  when  min- 
imal amounts  of  thrombin  are  used  is  directly  proportional  to  the 
weight  of  thrombin,  or,  in  other  words,  a  definite  amount  of  thrombin 
converts  a  definite  amount  of  fibrinogen  to  fibrin.    One  part  of  throm- 
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bin  can  combine  with  or  react  with  312  to  315  parts  of  fibrinogen 
at  a  maximum.  When  the  thrombin  is  increased  beyond  a  certain 
amount,  this  proportionality  disappears.  As  the  thrombin  is  increased, 
the  amount  of  fibrin  formed  is  increased  but  not  in  direct  proportion. 
Some  of  the  thrombin  is  apparently  inactive,  possibly  because  it  is 
physically  adsorbed  by  the  fibrin  formAi.  In  order  to  convert  all  of 
the  fibrinogen  to  fibrin  it  is  necessary  to  add  thrombin  in  much  larger 
amounts  than  is  indicated  by  the  ratio  of  i  to  215. 

The  conclu^ons  to  be  drawn  from  the  experiments  given  above  are, 
however,  much  complicated  by  the  following  facts :  When  the  fibrin 
formed  in  one  of  these  specimens  is  twisted  out  upon  a  glass  rod  and 
the  remaining  liquid  is  allowed  to  stand  for  a  number  of  hours,  a  new 
lot  of  fibrin  forms.  If  this  is  removed  in  time,  a  third  lot  of  fibrin 
appears  in  the  course  of  twenty-four  hours.  In  Experiment  III,  for 
example,  specimens  i  and  2  gave  four  successive  clots,  while  specimen 
3  gave  three  successive  clots.  Thus  the  original  clot  in  i  was  removed 
at  the  end  of  twenty-four  hours.  At  the  end  of  forty-eight  hours  a 
new  clot  equally  voliuninous  had  formed,  and  when  this  was  removed 
a  third  clot  of  about  the  same  amotmt  had  formed  at  the  end  of  seventy- 
two  hours.  Meanwhile  specimen  2,  exactly  similar  to  i,  which  had 
been  standing  for  seventy  hours  without  being  disturbed,  bad  only  as 
much  fibrin  as  in  the  first  clot  of  specimen  i.  Evidently,  after  a  cer- 
tain amount  of  fibrin  is  formed  with  a  given  submaximal  quantity  of 
thrombin,  an  equilibrium  is  reached  due  to  some  influence  of  the  fibrin 
itself,  since  the  removal  of  this  fibrin  at  once  permits  the  conversion 
of  a  new  quantity  of  fibrinogen  to  fibrin.  In  specimens  i  and  2,  contain- 
ing each  0.05  mgm.  thrombin,  four  successive  and  approximately 
equal  clots  were  formed.  After  the  last  clot  was  removed  the  liquid 
gave  no  further  fibrin,  but  when  heated  to  60°  C.  there  was  an  abun- 
dant precipitate,  showing  that  the  fibrinogen  had  not  all  been  converted 
to  fibrin.  In  specimen  3,  containing  five  times  as  much  thrombin 
(0.25  mgm.),  three  successive  clots  were  obtained.  After  the  removal 
of  the  last  one  no  further  clotting  occurred,  and  the  liquid  when 
heated  to  60°  gave  only  a  minute  opalescence.  Evidently  all  of  the 
fibrinogen  had  been  converted  to  fibrin. 

A  satisfactory  explanation  or  discussion  of  this  phenomenon  is  not 
possible  without  additional  experiments  to  answer  the  numerous  ques- 
tions that  suggest  themselves.   As  in  the  case  of  enzymes,  the  reaction 
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caused  by  the  thrombin  is  incomplete  owing  to  the  fact  that  the  end 
product  of  the  reaction,  the  fibrin,  inhibits  in  some  way  the  further 
action  of  the  thrombin,  and  this  condition  of  equilibrium  is  disturbed 
by  the  removal  of  the  fibrin.  On  the  other  hand,  the  reaction  differs 
from  that  of  enzymes  in  two  respects.  In  the  first  place,  m  the  fact 
that  the  portion  of  the  fibrinogen  converted  to  fibrin  increases  as  the 
amount  of  thrombin  is  increased,  although  not  proportionally.  If 
sufficient  thrombin  is  added,  all  of  the  fibrinogen  is  changed  to  fibrin. 
In  the  second  place,  when  a  submaximal  amount  of  thrombin  is  used, 
the  portion  of  fibrinogen  converted  to  fibrin  does  not  vary  with  the 
time  that  the  thrombin  is  allowed  to  act.  Why  the  mechanical  re- 
moval  of  the  fibrin  should  again  start  up  the  thrombin  action  is  diffi- 
cult to  understand.  The  simplest  suggestion,  perhaps,  is  that  the 
fibrinogen  combines  with  a  definite  quantity  of  thrombin,  or,  to  be 
more  cautious,  a  cert^  amount  of  thrombin  reacts  with  a  certain 
quantity  of  fibrinogen,  but  the  fibrin  thus  formed  is  able  to  hold  in 
loose  union  by  mechanical  adsorption  an  additional  amount  of  throm- 
bin. It  is  this  loosely  combined  thrombin  which  is  liberated  by  the 
mechanical  process  of  twisting  out  and  squeezing  the  fibrin,  and  is 
able  when  set  free  to  precipitate  a  new  lot  of  the  fibrinogen.  This 
suggestion  carries  with  it  the  conclusion  that  the  maximum  ratio  of 
combination  by  weight  of  the  fibrinogen  and  thrombin  given  above, 
namely,  215  to  i,  does  not  represent  a  real  maximum,  ^ce  the  fibrin 
held  in  loose  combination  a  portion  of  the  thrombin  which  had  not 
reacted  with  fibrinogen.  The  maximum  ratio  of  combination  of  the 
thrombin  would  be  obtained  by  determining  the  total  weight  of  fibrin 
formed  in  the  successive  coagulations.  This  explanation  is  not  in- 
sisted upon,  as  further  experiments  may  fail  to  support  it.  It  may  be 
added  that  the  author  has  observed  previously  a  similar  reaction  tn 
horse's  plasma.  If  after  the  plasma  is  coagulated  the  clot  is  broken  up 
and  filtered  off,  the  filtrate  may  clot  again,  and  the  process  may  be  re- 
peated a  number  of  times.  A  somewhat  similar  process  has  also  been 
described  by  the  author  in  connection  with  the  beat  coagulation  of 
the  proteins  of  the  serum  of  limulus.  When  the  coagulum  obtained 
at  a  given  temperature  is  filtered  off  and  the  clear  filtrate  is  again 
heated  to  the  same  temperature,  a  new  coagulation  occurs,  and  this 
process  may  be  repeated  several  times. 
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The  Anttthrombin  op  Peptone  VtAstix. 

A  number  of  experiments  were  made  with  peptone  plasma  from 
the  dog  to  determine  whether  it  contains  a  substance  capable  of  neu- 
tralizing the  action  of  thrombin  on  fibrinogen.  The  peptone  plasma 
was  prepared  by  injecting  into  the  femoral  artery  of  a  fasting  dog  a 
6  to  7  per  cent  solution  of  peptone  in  quantity  to  yield  0.3  to  0.4  gm. 
of  peptone  to  each  kilogram  of  animal.  Twenty  minutes  after  this 
injection  the  animal  was  bled  from  the  carotid,  and  the  specimen  of 
blood  removed  was  centrifugalized  to  obtain  a  dear  plasma.  In  suc- 
cessful cases  the  plasma  remained  undotted  for  at  least  forty-eight 
hours.  For  the  sake  of  comparison,  a  spedmen  of  the  dog's  blood  was 
removed  before  the  injection  of  the  peptone,  and  was  received  into  an 
oxalate  solution  and  centrifugalized.  The  two  plasmas  from,  the  same 
animal  thus  obtained  will  be  spoken  of  briefly  as  oxalated  plasma  and 
peptone  plasma.  It  was  found  that  the  oxalated  plasma  dotted  firmly 
in  a  few  minutes  on  the  addition  of  a  few  drops  of  thrombin  solution; 
the  peptone  plasma,  on  the  contrary,  as  has  been  observed  by  others, 
was  not  affected  by  the  addition  of  amounts  of  thrombin  which  for  the 
same  amoimt  of  normal  plasma  would  have  meant  a  large  excess. 
The  most  decisive  experiments  were  made  with  fibrinogen  solutions 
to  which  were  added  cert^  amounts  of  peptone  plasma  and  ■throm- 
bin. Similar  tests  were  made  for  the  sake  of  control  with  mixtures  of 
fibrinogen  solutions  with  thrombin  alone  or  with  thrombin  and  oxa- 
lated plasma.  These  experiments  brought  out  very  clearly  the  posi- 
tive fact  that  peptone  pfasma  contains  something  which  prevents 
thrombin  from  acting  on  fibrinogen.  The  following  typical  experiment 
may  be  quoted: 

Fibrinogen  solution 2.5  c.c.  |       This  mixture  dotted 

Sodium  chloride  solution  0.9  per  cent  2     c.c.  r     firmly  in  two 
Thrombin  solution  (3.5  mgm.)    .    .    i     ccj      minutes. 

Fibrinogen  solution 2.$  c.c.  |       This  mixture  dotted 

Oxalated  plasma 2    c.c.  r    firmly  within  two 

Thrombin  solution  (a.5  mgm.)     .   .     i     ccj      minutes. 

Fibrinogen  solution 3.5  c.c.1        This  mixture  showed 

Peptone  plasma      2    c.c  >      no  sign  of  dotting  after 

Thrombin  solution  (3.5  mgm.)     .    .     i     ccj        twenty-four  hours. 
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Results  of  this  kind  were  obtained  uniformly  and  furnish  convinc- 
ing proof  that  in  the  peptone  blood  something  is  contained  which  not 
only  prevents  the  coagulation  of  that  plasma,  but  is  capable  of  antag- 
onizing thrombin  added  to  it  in  considerable  amoimts,  or  finally  pre- 
vents thrombin  from  acting  on  a  solution  of  fibrinogen.  The  substance 
contained  in  the  peptone  plasma  which  prevents  its  clotting  exerts  this 
action  no  doubt  by  antagonizing  the  effect  of  thrombin.  This  substance 
is  designated  usually  as  antithrombin,  but  whether  it  acts  by  ccnntHning 
directly  with  the  thrombin  has  not  been  demonstrated,  althou^  it  is 
made  probable  by  the  experiments  cited  above.  That  it  b  an  organic 
substance  present  in  the  plasma  is  indicated  by  the  effect  of  beatii^. 
Peptone  plasma  heated  for  ten  minutes  at  60°  and  filtered  bom  the 
heat  coaguium  of  fibrinogen  formed  at  this  temperature,  still  prevtnte 
entirely  the  action  of  thrombin  on  fibrinogen,  whereas  wbai  the  plas- 
ma is  heated  to  Ts^-So"  C.  and  is  filtered  fretn  the  larger  heat  coagu- 
ium it  loses  completely  its  power  of  antagtmizing  the  iction  of  throD- 
bin  on  fibrinc^en.  We  may  say,  therefore,  that  the  ant^bstance 
present  in  peptone  plasma  b  not  affected  by  heating  for  ten  mizztcs 
at  00''  C.  but  b  destro}-ed  vriien  the  temperature  rises  as  l^i  as  ~t^ 
toSo^C. 

An  interesting  feature  of  the  peptone  plaana  b  the  effect  of  dil-£i=c 
it  with  water  and  with  phj^logical  saline  respectively.  In  a  pm»jiz 
paper  the  author  has  called  attention  to  the  fact  that  tenapin's  posia. 
obtwied  in  th«  fall  when  the  animal  b  in  good  conditiixi  ^wepuatcrr 
to  the  winter  hiberTt»tiv>n,  does  not  dot  $pontaneoiEly.  WTben  c^-z::tc 
with  water,  it  ck»ts  readiN".  while  diluting  with  sodium  chloride  arti- 
tiv^a  CO  per  cent  has  no  such  ^ect.  This  fact  was  used  as  an  aig — awr 
A^iir^t  the  \Tew  that  the  isvv>airjlibiur>-  of  terrapin  and  bird  ^axd  5 
ti::e  to  the  preseaoe  oi  ia  aniiihrombin.  My  present  expenecize  wiii 
pei'iose  p'-isma  si»>w5,  bow<\-er.  that  thb  arjumeit  was  not  j^scimc 
Fei->;or,e  plAKTJ  seessi  li^'ioubtecly  to  conoin  an  andscbstazEz  iz 
the  thn>;:",bia.  >-et  wbec  xiHutfli  wii  water  it  i=ay  be  laaiiie  t.:  dec 
whue  Jtr:  ei^'-iil  .iilutioa  w-i  to  per  omt  3C>-6oq  o«  sodios  <±jces& 
his  20  Swvh  er;^;:,  T^e  i=oc2t  o:  i£-.;t>:«  with  water  awrsfta.  i"  ai 
vausf  cIio:urj;  in  the  rwtoce  p^&ssLi  raned  12  et  cspernce  ia  ae 
01  -^-reist  sf^vtraeos  oi  b^'-v*i,  T^  liizaecce  depends.,  no  doabc  «■, 
tSe  *::=\';isl  04  Ar-.-i4,L^«ii:-rt  pceswi:  iz  tbt  >tg-«     WiA  5 
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prevent  the  plasma  from  clotting  for  at  least  forty-eight  hours,  dilu- 
tion with  five  times  its  volume  of  water  caused  clotting  after  a  few 
hours,  while  an  equal  dilution  with  saline  solution  remained  unclotted 
for  over  twenty-four  hours  at  least.  If  this  reaction  in  peptone  plasma 
is  associated  with  the  presence  of  an  antithrombin,  then  we  may  infer 
that  the  normal  terrapin's  (and  bird's)  plasma  which  shows  a  similar 
reaction  may  likewise  owe  its  non-coagulability  to  the  presence  of  an 
antisubstance.  It  may  be  added  that  dilution  of  oxalated  plasma  with 
water  does  not  cause  coagulation. 

Bzperimenta  upon  prothrombin.  —  It  seemed  probable  that  the  chlo- 
roform method  of  isolating  thrombin  might  be  used  successfully  to 
isolate  its  antecedent  substance,  the  so-called  prothrombin.  For  this 
purpose  the  blood  of  a  fasting  cat  was  received  into  oxalate  solution, 
and,  after  centrifugalizing,  the  clear  plasma  was  dialyzed  against  0.9 
per  cent  salt  solution  for  twenty-four  hours  to  get  rid  of  the  excess  of 
oxalate.  The  dialyzed  plasma  was  then  shaken  with  chloroform  for  one 
to  two  hours  and  filtered.  The  filtrate  clotted.  This  result  showed  that 
the  method  is  not  applicable  to  the  isolation  of  prothrombin,  but  it  is 
interesting  as  proving  that  prothrombin  can  be  converted  to  thrombin 
in  a  calcium-free  solution.  Whatever  may  be  the  mode  of  action  of 
calcium  salts  in  activating  prothrombin  to  thrombin,  it  is  evident  that 
other  conditions  may  effect  the  same  activation,  although  in  a  less 
effective  manner. 

A  further  experiment  was  made  upon  prothrombin  to  determine  in 
how  far  it  is  precipitated  from  oxalated  plasma  in  the  preparation  of 
fibrinogen.  Mellanby  has  assumed  an  intimate  relationship  between 
the  fibrinogen  and  prothrombin  in  normal  plasma  which  it  seemed  pos- 
sible to  test  by  a  simple  experiment.  For  this  purpose  clear  oxalated 
plasma  was  prepared  from  cat's  blood.  From  this  plasma  the  fibrin- 
ogen was  precipitated  by  the  addition  of  soditun  chloride  until  the 
liquid  was  three  quarters  saturated.  The  precipitated  fibrinogen  was 
centrifugalized  off,  was  washed  twice  with  half-saturated  solution  of 
sodium  chloride,  and  was  then  dissolved  in  a  2  per  cent  solution  of 
sodiimi  chloride.  It  was  found  that  this  solution  did  not  clot  spon- 
taneously after  twenty-four  hours,  that  it  did  not  clot  upon  the  addi- 
tion of  an  equal  volume  of  0.9  per  cent  solution  of  sodium  chloride, 
but  that  it  did  clot  quite  promptly  upon  the  addition  of  a  few  drops 
of  a  solution  of  calcium  chloride.    Evidently,  therefore,  in  the  predp- 
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itaUon  of  the  fibrinogen  some  prothrombin  was  carried  down  with  it, 
and  it  was  interesting  to  inquire  whether  it  was  all  thus  precipitated 
with  the  fibrinogen.  To  determine  this  point  the  original  plasma, 
after  the  removal  of  the  fibrinogen,  was  dialyzed  against  0.9  per  cent 
solution  of  sodium  chloride  to  reduce  the  amount  of  sodium  chloride 
in  it,  and  was  then  tested  for  the  presence  of  prothrombin.  It  was 
found  that  this  dialyzed  liquid  added  to  a  solution  of  pure  fibrinogen 
gave  no  clot,  but  that  if  a  little  caldum  chloride  was  also  added  coagu- 
lation occurred  in  a  short  time.  It  is  scarcely  necessary  to  add  that 
calcium  chloride  added  to  a  pure  solution  of  fibrinogen  has  no  effect. 
From  these  two  experiments  it  would  seem  that  the  prothrombin, 
as  we  should  expect,  is  carried  down  in  part  only  by  the  precipitated 
fibrinogen.  In  the  usual  method  of  purifying  the  fibrinogen  by  several 
(3)  successive  precipitations  the  prothrombin  may  be  gotten  rid  of 
completely,  but  it  b  obvious  that  all  preparations  of  fibrinogen  used 
in  experiments  upon  coagulation  should  be  examined  in  regard  to 
this  point  by  testing  their  coagulability  after  the  addition  of  caldum 
chloride. 

Ezperimeiitt  upon  the  production  of  thromUo  from  otlior  prot«iiu.  —  It 
has  long  been  stated  that  thrombin  (fibrin  ferment)  may  be  pro- 
duced from  other  proteins  especially  during  the  process  of  putrefac* 
tion.  Some  of  these  statements  rest  imdoubtedly  upon  a  confu^on 
between  thrombin  action  proper  and  zymoptastic  or  thromboplastic 
action.  Many  substances  will  fadlitate  the  reaction  between  fibrinogen 
and  thrombin  or  fibrinogen  and  prothrombin,  but  no  substance  ex- 
cept thrombin  or  some  derivative  compound  is  capable  of  converting 
a  pure  solution  of  fibrinogen  to  fibrin.  On  such  solutions  zymoplastic 
substances  are  entirely  without  action.  But  the  condusion  arrived 
at  in  this  investigation,  namely,  that  the  thrombin  is  a  protein  body 
of  probably  simpler  structure  than  the  usual  animal  proteins,  made 
it  probable  that  it  might  be  produced  from  such  proteins  by  processes 
of  hydrolysis  capable  of  being  controlled.  The  experiments  on  this 
line  have  not  been  wholly  successful  and  will  be  described  very  briefly. 
Attempts  were  made  to  prepare  the  thrombin  from  fibrin  by  add 
hydrolysis,  pancreatic  hydrolysis,  and  by  putrefaction.  The  product 
in  each  case  was  treated  to  isolate  basic  proteins;  that  is  to  say, 
it  was  predpitated  while  hot  with  a  hot  add  solution  of  phospbo- 
tui^tic  acid,  the  predpitate  was  filtered  off,  washed  with  5  per  cent 
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sulphuric  add  containing  some  phosphotungstic  acid,  and  treated 
with  hot  solution  of  barium  hydrate.  After  filtration  the  excess 
of  barium  was  removed  by  careful  additions  of  dilute  sulphuric  acid 
and  the  neutral  filtrate  was  evaporated  to  dryness  at  a  low  tem- 
perature and  its  action  was  tested  upon  pure  solutions  of  fibrinogen. 
These  solutions  caused  always  a  predpitation  of  the  fibrinogen  but 
not  a  coagulation,  except  in  the  case  of  the  putrefied  fibrin.  This  prep- 
aratMKi  treated  as  outlined  above  gave  solutions  which  in  some  cases 
when  added  to  a  fibrinogen  solution  threw  down  at  once  a  gelatinous 
predpitate  icsembling  a  dot.  It  would  seem  that  the  thrombin 
present  in  quantity  in  the  putrefied  solution  of  fibrin  had  been  carried 
through  the  process  given  above  without  wholly  losing  its  power  of 
throwing  down  fibrinogen  in  the  form  of  a  gelatinous  predpitate. 
The  process  differed  from  that  of  normal  coagulation  in  the  immediate 
production  of  a  predpitate.  Insuffident  quantities  allowed  to  act 
for  a  long  time  gave  no  effect,  while  further  addition  threw  down  a 
gelatinous  predpitate  at  once.  A  somewhat  more  promising  result 
was  obtained  from  the  action  of  bacteria.  Through  the  kindness  of 
Dr.  W.  W.  Ford  cultures  were  made  in  bouillon  and  Dunham's  solu- 
tion with  the  bacillus  coli  communis,  proteus  vulgaris,  and  badllus  of 
Metchnikoff.  These  cultures  were  passed  through  a  Berkefeld  filter 
and  were  then  tested  upon  a  solution  of  pure  fibrinogen  with  their 
normal  alkaline  reaction  and  after  neutralization  with  dilute  acetic 
add.  None  of  the  specimens  had  dotted  after  five  hours,  and  it  was 
then  necessary  to  leave  them  unobserved  for  thirty  hours.  At  the  end 
of  that  time  the  culture  of  the  colon  bacillus  in  broth,  both  neutral  and 
alkaline,  had  caused  a  clot  in  the  fibrinogen,  while  the  culture  of  the 
same  bacillus  in  Dunham's  solution  and  the  cultures  of  the  other  bac- 
teria were  without  action.  It  has  not  been  pos^ble  as  yet  to  follow 
this  suggestion  further. 

btnreiioiu  iQjMtioii  of  ibromblii.  —  It  would  seem  probable  that  the 
very  powerful  specimens  of  pure  thrombin  prepared  by  the  chlo- 
roform method  might  cause  a  distinct  effect  if  brought  directly  into 
the  circulation  of  a  living  animal.  A  single  experiment  of  this  kind 
gave,  however,  entirely  negative  results.  A  small  dog  was  used  weigh- 
ing 3750  gm.  It  was  anaesthetized  with  morphia  and  ether,  and, 
while  connected  with  a  kymographion  for  the  registration  of  blood 
pressure,  solutions  of  thrombin  were  injected  into  the  femoral  vein. 
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Three  injections  were  made,  —  i6  mgni.  thrombin  at  10.04  A.  H.;  16 
mgm.  at  10.10  A.  M.,  and  32  mgm.  at  10.20  a.  u.  None  of  these  in- 
jections produced  any  effect  upon  the  pulse  rate  or  blood  pressure. 
Dr.  Duke  kindly  determined  the  coagulation  time  of  the  blood  during 
the  experiment  from  drops  of  blood  drawn  from  tbe  ear.  The  normal 
coagulation  time  was  from  &ve  to  seven  minutes.  After  the  second 
injection  there  was  a  slight  but  temporary  lengthening  of  this  period 
to  ten  minutes.  The  blood  plates  examined  in  Wright's  solution 
showed  no  indications  of  agglutinating.  The  results  of  the  injection 
were  therefore  entirely  negative,  and  indicate  that  the  body  can  nor- 
mally neutralize  and  render  harmless  quite  large  doses  of  thrombin 
introduced  suddenly  into  the  circulation. 

SuuuAKY  OF  Results. 

1.  A  new  method  is  described  for  preparing  thrombin  free  from 
admixed  protein.  The  method  consbts  in  treating  washed  fibrin  with 
dilute  salt  solution  (8  per  cent  sodium  chloride)  to  dissolve  the  throm- 
bin and  then  precipitating  the  coagulable  protein  by  repeated  treat- 
ments with  chloroform. 

2.  Pure  thrombin  gives  reactions  which  indicate  that  it  is  a  ^mple 
protein.  It  does  not  contain  phosphorus  or  sulphur,  gives  positive 
reactions  with  the  biuret,  millon,  and  especially  the  tryptophan  tests, 
is  not  coagulated  by  boiling  in  neutral  solutions,  is  very  readily  solu- 
ble in  pure  water,  is  completely  precipitated  unchanged  by  half  satu- 
ration with  ammonium  sulphate.  In  weakly  acid  solutions  (acetic 
acid)  it  gives  on  heating  a  solution  which  shows  a  turbidity  on  subse- 
quent cooling. 

3.  Thrombin  when  allowed  to  stand  in  solution  for  long  periods, 
protected  from  putrefaction  hy  the  addition  of  chloroform,  gradually 
undergoes  an  alteration  and  eventually  loses  its  power  of  coagulating 
fibrinogen.  This  change  is  hasten^l  by  a  high  temperature.  Solu- 
tions of  thrombin  allowed  to  undergo  putrefaction  show  first  an  in- 
creased power  of  coagulating  fibrinogen  followed  after  a  long  period 
by  a  complete  loss  of  coagulating  effect. 

4.  Solutions  of  thrombin  containing  some  sodium  chloride  may  be 
heated  to  the  boiling  temperature  without  losing  completely  their 
coagulating  action  on'  fibrinogen.    Dialyzed  solutions  of  thrombin 
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are  destroyed   more  completely  and  rapidly  by  exposure  to  high 
temperatures. 

5.  Thrombin  when  dried  at  low  temperatures  and  protected  from 
moisture  in  a  desiccator  may  be  kept  indefinitely. 

6.  Thrombin  probably  does  not  act  upon  fibrinogen  after  the  man- 
ner of  an  enzyme.  Increasing  amoimts  of  thrombin  give  increa^g 
amounts  of  fibrin,  although  in  decreasing  proportion.  The  weight  of 
fibrin  produced  by  a  given  submaxiniai  amount  of  thrombin  is  not 
affected  by  the  time  during  which  the  thrombin  is  allowed  to  act. 
When  minimal  amounts  of  thrombin  are  used,  one  part  of  thrombin 
can  convert  at  least  315  times  its  weight  of  fibrinogen  to  fibrin. 

7.  In  the  non-coagulable  peptone  plasma  of  the  dog  there  is  con-- 
Uuned  an  antisubstance  (antithrombin)  which  prevents  the  action  of 
thrombin  on  fibrinogen.  This  antisubstance  b  not  destroyed  by  a 
temperature  of  60°  C,  but  is  destroyed  at  75°  to  80"  C.  Dilution 
with  water  causes  spontaneous  coagulation  in  peptone  plasma;  dilu- 
tion with  saline  solution  (0.9  per  cent  sodium  chloride)  has  no  such 
effect. 

8.  Prothrombin  may  be  converted  to  thrombin  in  solutions  free 
from  calcium  salts. 

9.  Large  amounts  of  pure  thrombin  may  be  injected  into  the  cir- 
culation of  the  living  animal  without  any  noticeable  effect. 
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the  total  time  was  less  than  that  Ezner*  found  for  eyelid  reflex, 
namely,  .06  second. 

Both  Waller  and  Franz  used  tambours  and  levers  to  record  their 
knee-jerk  responses.  The  delays  they  measured  may  be  due  partly 
to  delays  in  their  recording  apparatus,  a  source  of  error  common  also 
to  Exner's  experiments  on  eyelid  reflex. 

During  the  work  in  progress  in  this  laboratory  with  the  thread 
galvanometer  Professor  Howell  has  expressed  a  desire  to  know  what 
the  latency  of  the  knee-jerk  reaction  would  be  if  measured  by  this 
instrument.  He  furthermore  wished  to  know  what  the  character  of 
the  action  current  of  the  muscles  involved  would  be  if  the  latter  could 
be  led  off  to  the  thread  galvanometer.  Would  the  latency  be  enough 
to  allow  for  a  r^ex  action?  Would  the  action  current  be  a  simple 
vibration,  or  a  series  of  vibrations  of  the  thread? 

While  a  number  of  points  need  still  to  be  determined  by  experiments 
before  the  question  as  to  reflex  can  be  answered,  there  are  at  this 
writing  two  points  in  the  problem  which  can  be  answered  definitely: 
(t)  The  latency  of  the  knee-jerk  response  in  man,  as  shown  by  the  thread 
galvanometer,  is  about  .on  second;  (2)  The  action  current  obtained  by 
leading  0^  from  non-polarizables  placed  over  the  thigh  muscles  never  pro- 
duces anything  more  than  a  single  diphasic  deflection  of  the  galvanometer 
thread. 

The  latter  statement  must  be  modified  by  saying  that  other  vibra- 
tions of  the  thread  are  found  late  in  the  record.  But  they  are  purely 
"  tetanus  "  rhythms  produced  by  the  subject  who  reflexly  tries  to  con- 
trol the  swinging  of  his  leg  after  the  first  extension.  This  occurs 
whether  the  foot  be  weighted  or  not.  The  extra  waves  are  always  late 
in  the  record  and  clearly  have  nothing  to  do  with  the  knee-jerk  phe- 
nomenon proper. 

Method. 

The  small  electro-magnet  thread  galvanometer  made  by  Edelmann 
of  Munich  was  used  in  these  experiments.  The  movements  of  the 
thread  were  magnified  by  projection  of  the  thread's  shadow,  which 
was  photographed  by  means  of  the  revolving  photographic  apparatus 
also  made  by  Edehnann. 

*  EXNEs:  Archiv  fUr  die  gcsammte  Physiologie,  1874,  viii.  p.  526. 
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The  method  of  leading  off  to  the  galvanometer  used  was  that  de- 
scribed by  Piper '  in  his  work  on  voluntary  tetanus  in  man  and  em- 
ployed later  by  him  in  measuring  the  time  of  nerve  conduction  in 
man.^ 

The  point  of  stimulation  on  the  photographic  record  was  produced 
by  allowing  the  handle  of  the  hammer  to  cast  its  shadow  on  one  margin 
of  the  sensitive  film  just  as  the  hammer  struck  the  patellar  tendon. 
As  the  hammer  rebounds  from  the  tendon,  its  shadow  is  removed 
from  the  film.  The  point  of  stimulation  on  the  photograph  thus  takes 
the  shape  of  an  inverted  V.  A  tuning  fork  of  loo  D.  V.  was  used  to 
mark  time,  the  shadow  of  one  arm  being  likewise  photographed. 

The  delay  of  the  thread  galvanometer  in  responding  to  electrical 
changes  is,  as  Einthoven '  has  shown,  practically  nil.  Nevertheless, 
the  one  used  in  this  laboratory  has  been  tested  for  this  point.  To  do 
this,  a  lever  connected  with  the  make  and  break  key  of  the  galvanome- 
ter current  was  so  placed  as  to  allow  its  shadow  to  be  photographed 
along  with  that  of  the  galvanometer  thread.  Examination  of  the  rec- 
ords obtained  showed  no  measurable  difference  between  the  signal 
points  and  the  beginning  deffection  of  the  thread.  The  galvanometer 
itself  has  no  latency. 

It  is  thus  seen  that  by  using  such  a  method  errors  due  to  mechan- 
ical contrivances  are  greatly  reduced.  Indeed  the  delay  thus  measured 
must  represent  the  purely  physiological  delay  of  the  knee-jerk  response. 

Results. 

The  following  table  shows  the  measurements  of  the  latencies  thus 
obtained  from  the  subject  C.  H.: 


Date. 
(1910) 


Date 
May 
(1910) 


*  Pn>£K:  Archiv  fUr  die  gesammte  Physiologie,  1907,  cxix,  p.  301;  Zeitschrift 
fill  Biologic,  190S,  I,  p.  393. 

'  Einthoven:  Aimalen  dei  Physik,  4, 1904,  zlv,  p.  iSij  1906,  xxi,  p.  483. 
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The  average  of  these  results  is  .01133  second. 

Two  observations  were  made  upon  the  writer  as  subject.  The 
latencies  were  .015  and  .013  secxind  respectively. 

Examples  of  the  photographic  records  are  reproduced  in  Fig.  1. 
They  should  be  read  from  right  to  left.  The  time  mark  is  a  tuning- 
fork  of  100  double  vibrations  per  second.  On  one  of  the  records  an 
additional  time  mark  of  a  Jaquetz  in  &fths  is  to  be  seen.  The  upper 
trace  in  each  record  is  that  of  the  galvanometer  thread;  the  lowest 
trace,  with  the  heavy  inverted  V,  marks  the  moment  of  tapping  the 
tendon. 


Discussion. 

What  are  the  physiological  latencies  that  make  up  the  total  delay  in 
knee-jerk  response?  If  in  man,  as  in  rabbit,  the  sudden  pull  given  to 
the  stretched  tendon  by  tapping  stimulates  the  muscle  fibres  directly 
to  contraction,  then  our  delay  would  consist  of  (i)  the  time  required 
for  the  blow  to  produce  an  adequate  stimulus  by  the  sudden  additional 
stretching  it  causes,  {2)  the  latency  of  the  muscle  contraction  itself 
after  receiving  adequate  stimulus.  The  motor  nerve  endings  in  this 
case  may  or  may  not  be  involved. 

If,  on  the  other  hand,  a  reflex  arc  be  involved  in  the  total  delay, 
then  the  several  latencies  in  the  delay  are  (i)  the  time  required  for  an 
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adequate  stimulus  to  develop  in  the  sensory  endings  in  the  tendonous 
tissue;  (2)  the  time  of  mere  nerve  conduction  to  spinal  centre  and  back 
to  extensor  cruris;  (3)  the  time  consumed  in  the  cord,  the  "synapse"; 
(4)  the  latency  of  the  motor  endings  together  with  the  time  required 
to  develop  an  action  current  in  the  muscle  tissue  itself. 

Let  us  consider  the  former  case  first,  —  the  knee  jerk  is  not  a  refiex 
action.  Of  the  two  possible  latencies  listed  for  this  case  the  first  is 
unknown.  For  the  second  we  may  refer  to  the  measurements  of  Gad 
and  Heymans,*  who  found  it  to  be'  .005  second  in  curarized  frog's 
muscle  at  35°  temperature;  and  to  the  work  of  Burdon-Sanderson,* 
who  found  a  latency  of  .003  second  in  curarized  frog's  sartorius.  The 
latter  result  was  obtained  for  the  action  current  of  the  muscle  as  shown 
by  the  capillary  electrometer.  The  delays  recorded  by  Gotch '  and 
Waller  *  upon  direct  stimulation  probably  include  the  delay  in  the 
motor  nerve  endings  as  well  as  latency  of  contraction.  The  figures 
are  .005  second  and  .0076  second  respectively,  and  were  obtained  from 
the  extensor  cruris  in  rabbits.  The  result  obtained  by  Pij)er '  on 
man  is  perhaps  of  the  most  value  for  present  purposes.  On  stimulat- 
ing the  flexores  digitorum  of  man  through  the  median  nerve  at  the 
elbow  by  the  unipolar  method,  this  author  found  a  latency  of  .00442 
second.  Allowing  for  the  conduction  time  over  the  nerve  path,  this 
author  calculated  the  combined  latency  of  motor  ending  and  action 
current  in  these  muscles  to  be  nearly  .0036  second.  It  should  be  re- 
membered that  it  was  the  action  current  and  not  the  actual  contrac- 
tion of  thigh  muscles  that  was  recorded  in  the  present  experiments. 
This  fact  makes  the  use  of  Piper's  figure  here  especially  valuable,  but, 
on  the  other  hand,  it  must  be  remembered  that  Piper's  action  current 
was  excited  by  electrical  means,  while  that  obtained  in  the  knee-jerk 
experiments  was  excited  by  mechanical  means.  It  may  be  recalled, 
however,  that  Gotch  foimd  no  difference  in  the  latencies  obtained  by 
these  two  methods. 

Let  us  now  take  up  the  second  assumption,  namely,  that  knee  jerk 
in  man  is  a  true  reflex.  The  total  delay  in  this  case,  as  stated  above, 
may  consist  of  four  elements.  The  first,  that  of  the  sensory  endings, 
we  know  nothing  about  and  must  for  the  present  therefore  neglect. 

»  Jad  uiid  Hevuans:  Archiv  fUr  Anatomie  und  Physiologie,  Physiol.  Abt. 
Suppl.  iSgo,  p.  59. 

'  BuRDON-S ANDERSON:  Joum&l  of  physiology,  1895,  xviii,  p.  117. 
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The  second  latency,  that  of  nerve  conduction,  we  may  take  from 
Piper's  measurement  for  the  median  nerve  in  man.  This  author  found 
the  velocity  of  conduction  to  be  about  120  metres  per  second  for  this 
nerve.  His  work  has  been  repeated  in  this  laboratory  and  corrobo- 
rated. From  Nicolai's  "  experiments  on  the  olfactory  nerve  of  the 
pike,  we  may  dteume  for  the  present  that  the  velocity  of  conductioa 
of  both  motor  and  sensory  nerves  is  the  same.  Let  us  assume,  then, 
that  the  velocity  of  conduction  of  both  motor  and  sensory  paths  in 
the  thigh  of  man  is  120  metres  per  second. 

In  the  subject,  C.  H.,  of  these  experiments,  the  distance  from  the 
tapping  point  on  the  patellar  tendon  to  the  lumbar  spine  was  70  cm. ; 
from  the  lumbar  spine  to  the  middle  of  the  thigh,  50  cm.  This  makes 
a  total  of  120  cm.  for  nervous  conduction.  At  the  rate  of  120  metres 
per  second  the  time  required  for  this  distance  would  be  just  .01  second. 
If  we  assume  that  the  combined  latency  of  motor  endings  and  devel- 
opment of  action  current  in  the  extensor  cruris  is  the  same  as  Piper 
found  for  flexores  digitorum,  we  have  then  the  additional  latency  of 
.0036  second. 

Buchanan  "  estimated  the  delay  in  the  cord  of  the  frog  for  spinal 
reflex  to  be  .012  second  at  15°  and  .022  second  at  about  5°.  These 
figures  indicate  a  temperature  coefficient  for  the  synapse  in  the  frog 
to  be  nearly  1.S5  for  differences  of  10°.  This  fact,  in  connection  with 
what  we  already  know  of  the  temperature  coefficients  of  physiological 
processes  generally,"  and  especially  of  those  processes  involving  nerve 
centre,"  gives  us  a  basis  for  calculating  the  latency  of  synapse  at  the 
temperature  of  the  human  body.    Let  us  assume  that  figure  for  the 

same  process  in  man.     Using  the  formula,  Qna=(  7^  )''"'•,  then,  the 

hitency  of  the  synapse  would  be  about  .003  second  at  37°. 

Summing  up,  the  total  delay  required  in  a  spinal  reflex  in  man  to 
correspond  to  the  knee-jerk  phenomenon  obtained  on  the  subject  C.  H. 
would  be  as  follows: 

"  Nicouu:  Archiv  filr  Anatomic  und  I%ysiologie,  Physiol.  Abt.  Suppl.  1905, 
P  34>- 

"  BtrcBANAN:  Quarterly  journal  of  ezperimenUi  physiology,  1906,  i,  p.  i. 

"  Snydek:  This  jounial,  190S,  zzii,  p.  309. 

"  Vebnon:  Journal  of  physiology,  1895,  xix,  p.  iS;  Wakelin:  Journal  of  physi- 
ology, 1903,  zxiz,  p.  369;  Baguoni:  Zeitschrift  fUr  allgcmeine  Physiologie,  1907, 
vii,  p.  349;  Babae  und  Rocek;  Archiv  fflr  die  gesammte  Physiologic,  1909,  cxzx, 
P-  477- 
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1.  Time  for  total  nervous  conduction .010  second 

2.  Time  for  ^napse 003 

3.  Time  for  latency  in  motor  ending  and  muscle  .  .  .0036 

Total  delay  for  a  true  reflex  " 0166 

Average  delay  for  knee  jerk  as  found  by  tliread 

galvanometer     .biij 

Thus  it  is  seen  that  the  number  found  by  experiment  is  smaller  than 
that  which  we  ought  to  expect  for  a  reflex  action  by  nearly  32  per  cent. 
On  the  other  hand,  if  Piper's  latency  in  the  arm  is  any  index  of  what 
the  latency  in  thigh  muscle  would  be  upon  mechanical  stimulation, 
this  number  is  too  large  by  .008  second  (or  nearly  200  per  cent) 
to  admit  of  the  knee  jerk  being  interpreted  as  a  direct  response  to 
the  tap. 

The  fact  that  no  indication  of  muscle  rhythm  was  to  be  found  in 
the  galvanometer  records  argues  somewhat  in  favor  of  the  latter  view. 
For  the  fact  that  independent  muscle  rhythm  has  been  observed  does 
not  alter  the  value  of  such  rhythms  when  observed  during  spinal 
(reflex)  stimulation. 

Is  it  possible  that  in  man,  unlike  the  rabbit,  there  is  a  considerable 
diSevence  between  the  latency  of  muscle  contraction  when  provoked 
mechanically  and  electrically? 

To  answer  this  question  in  part  the  writer  carried  out  the  following 
experiment  upon  himself,  the  subject,  C.  H.,  no  longer  being  available. 
Using  a  "medical"  battery  of  silver-chloride  dry  cells  the  m,  rectus 
femoris  was  stimulated  by  the  unipolar  method.  The  stimulating 
electrode  was  applied  to  the  point  indicated  by  both  Siemssen  "  and 
Boruttau "  to  produce  an  extension  of  the  knee  resembling  that 
occurring  in  knee  jerk.  The  point  was  found  easily  by  trial,  and  care- 
fully demarcated.  Non-polarizables  were  placed  over  the  muscle 
above  the  point  of  stimulation  and  in  the  galvanometer  circuit, 
whereby  not  only  the  action  current,  but  also,  as  shown  by  Piper,' 
the  stimulating  signal  could  be  recorded.  Indeed  the  whole  method 
is  that  Piper  used  on  the  m.  flexores  digitorum  in  man. 

'*  It  b  of  interest  to  compare  this  figure  with  that  estimated  by  Fban^ois 
Francs  for  ^inal  reflex,  namely,  .017  second.    Quoted  after  Shersington: 
Integration  of  the  nervous  system,  1906,  p.  87, 
"  SiEHSSEN,  Hugo  v.:  ElecUidtfit  in  der  Medizin,  Berlin,  1887,  p.  276. 
"  BoKUTXAU  und  Mann:  Handbuch  der  gesammte  mediunische  Anwendung 
der  Electridtiit,  Leipzig,  1909,  i,  p.  455. 
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The  latency  for  the  m.  rectus  femoris  as  thus  measured  on  the 
writer  varied  between  .0035  and  .0036  second.  The  latter  figure  is 
that  given  by  Piper  for  muscles  of  the  fore-arm,  and  was  used  in  the 
above  estimate  for  the  latency  of  muscte  and  motor  endings. 

This  latency  of  m.  rectus  femoris  when  compared  with  the  delay 
of  knee-jerk  response  (.0113  second)  is  remarkable.  For  it  shows  that 
if  knee  jerk  be  in  fact  response  to  direct  mechanical  stimulation,  then 
the  difference  of  the  latencies  of  the  muscles  involved,  when  subjected 
to  direct  exdtation  by  these  two  methods,  is  enormous. 

In  the  light  of  the  work  of  Waller  and  of  Gotch,  as  quoted  above, 
this  is  most  unlikely  to  be  the  case.  However,  this  explanation  can- 
not be  entirely  abandoned  until  we'  have  the  results  of  experiments 
on  the  thigh  muscle  of  man  which  has  been  stimulated  for  an  absolute 
certainty  directly  and  mechanically  and  through  its  tendon. 

The  objection  may  be  raised  that  in  the  above  estimate  data  were 
taken  not  only  from  different  individuals,  but  from  different  kinds  of 
animals. 

It  is  to  be  regretted  that  for  synapse  we  have  nothing  nearer  man 
than  frog  —  and  theory.  As  to  the  measurements  on  man  we  have 
them  all  in  the  records  for  the  subject  C.  H. ;  that  is,  we  have  his 
conduction  time  over  median  nerve  and  his  muscle  latency  for  flexores 
digitonmi.  And  these  are  indeed  somewhat  less  than  those  given  by 
Piper. 

Still  other  modifications  of  our  estimate  may  be  made.  As  Pro- 
fessor Howell  has  suggested,  if  knee  jerk  be  a  true  reflex  it  may  be 
that  the  sensory  stimulus  originates  in  the  muscle  spindles  rather 
than  in  end  organs  of  the  tendon.  Allowing  for  this,  the  length  of  the 
conduction  path  of  the  median  n.  in  C.  H.  becomes  105  cm.  instead 
of  120  cm. 

Again  the  estimate  would  be  appreciably  altered  if  2.5  were  used 
as  temperature  coefficient  instead  of  1.85  in  calculating  the  delay  of 
the  synapse.  In  view  of  the  fact  that  this  coeffident  is  more  nearly 
that  of  authors  who  furnish  exhaustive  data  on  temperature  influence 
upon  nerve  centre,  and  in  view  of  the  paudty  of  Miss  Buchanan's 
observations  upon  this  point,  surely  no  violence  can  be  done  in  making 
the  substitution. 

With  these  changes  the  estimate  for  delay  of  true  reflex  of  the  ex- 
tensor cruris  in  the  subject  C.  H.  becomes: 
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